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ABSTRACT 
Obesity is a pandemic health problem. Attempts at treatment have consistently failed, but 
a step toward prevention could be achieved if those who are predisposed to overeat can be 
identified. Unfortunately, behavioral researchers seeking to identify salient individual differences 
in propensity for weight gain have produced findings that are contradictory and difficult to 
integrate into a cohesive theoretical framework. The examination of neural activity during states 
of hunger and satiety and during a behavioral task may provide some clarity. Chronic dieters 
(restrained eaters), people with negative affective traits (such as depression and anxiety), and 
people with a self-reported tendency to withdraw from aversive stimuli are all characterized by 
right prefrontal asymmetry. Some restrained eaters disinhibit their eating after a preload, 
particularly when depressed or anxious. This disinhibition may explain their tendency to gain 
weight. One purpose of this study was to replicate the finding of right asymmetry in restrained 
eaters and to determine the effects of a preload on this asymmetry. Subsequently, we investigated 
whether the counter-regulatory process is correlated with changes in prefrontal activity and 
whether individual difference measures such as disinhibition and restraint could predict changes 
in prefrontal asymmetry during a counter-regulation paradigm.
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BACKGROUND AND SIGNIFICANCE 
The Scope of the Obesity Problem 
Obesity greatly increases risk of morbidity and mortality from cardiovascular disease, 
hypertension, diabetes, some cancers, respiratory disease, and arthritis, among others (Mokdad, 
2003). After tobacco, obesity causes more preventable death than any other disease in the United 
States. Between 1976 and 1994, the obesity rate climbed from 15% to 23%. The rate soared to 
33% in the 10-year period ending in 2004 (National Health and Nutrition Examination Survey, 
2004). With 60 million obese Americans, public health officials from all fields have begun to 
label obesity as an epidemic (Centers for Disease Control, 2006).  
The obesity epidemic in the United States is far more extensive than in the rest of the 
world (International Union of Nutritional Studies, 2006). Some researchers have attributed the 
higher rates of obesity to the food environment in the United States, which has been described as 
obesogenic (Ravussin & Bouchard, 2000). The ready availability of food that is both highly 
palatable and cheap is an historical anomaly. Consequently, a physiological characteristic that 
was once adaptive, the propensity to excel at the storage of calories, has become a maladaptive 
trait.  
One of the clear lessons of obesity research is that there are multiple causes of obesity. 
The environment is not the sole cause of the problem; many people avoid gaining weight despite 
the obesogenic environment. An obvious characteristic that separates the gainers from the non-
gainers is propensity to overeat. Consumption in excess of physiological need is necessary for 
weight gain, and the likelihood of over-consumption is exacerbated in the United States by 
technological innovations that have obviated the need for physical labor and drastically reduced 
levels of energy expenditure during daily activities.  
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As the scope of the obesity problem has grown, the consistent failure of treatments to 
reduce consumption, i.e. diets, have continued to frustrate healthcare providers. Treatment is 
problematic because after dieting most people regain lost weight within a few years (Foster, et 
al., 1996; Jeffery et al., 2000). Virtually all diets have failed to prompt long-term weight loss. 
However, successful preventive measures in children provide some hope (Epstein, Valoski, 
Wing & McCurley, 1994; American Academy of Pediatrics, 2003). The first step toward 
preventing any disease is to identify those who are vulnerable.  
Based on the assumption that over-consumption contributes to the obesity epidemic, we 
investigated excessive consumption by examining individual differences, specifically restraint 
status, in those who overeat (defined as energy intake that exceeds energy expenditure). The 
behavioral literature has shown that chronic dieting (restraint), the tendency to disinhibit eating, 
and negative affect, are all associated to some degree with overeating and may ultimately be 
associated with obesity. 
Unfortunately, the findings of behavioral researchers seeking to identify and explain 
individual differences in overeating behavior and propensity for weight gain have been 
inconsistent, contradictory, and difficult to integrate into a cohesive theoretical framework. 
Neuroimaging techniques may help identify important individual differences in groups who 
engage in overeating behavior. 
This article will discuss behavioral findings related to dieting, disinhibition, and 
emotional eating, and suggest a neural correlate that may help clarify some of the theorized 
relationships among individual traits and eating behaviors.  
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Restraint and Counter-regulatory Eating  
According to Herman & Polivy (1980), eating behavior emerges from a balance of 
physiological drives to consume and cognitive efforts to resist the temptation of food. They 
called that resistance restraint (Herman & Polivy, 1975) and they measured it with the restraint 
scale (RS), which they revised a few years later (Herman, Polivy, Pliner, & Threlkeld, 1978). 
Strangely, those who most seek to restrain their eating actually tend to gain weight (Klesges, 
Isbell, & Klesges, 1992; Stice, Cameron, Killen, Hayward, & Taylor, 1999). 
In several papers, Hermann and Polivy have suggested that restraint itself is a cause of 
eating disorders, such as bulimia nervosa, as well as obesity (Polivy & Herman, 1985). However, 
research in both a laboratory setting and in a naturalistic setting in which participants’ short-term 
consumption was unobtrusively monitored (Stice, Fisher, & Lowe, 2004) has shown that actual 
caloric intake did not differ between restrained and unrestrained eaters. Measures of longer-term 
intake have also failed to find differences between unrestrained and restrained eaters (Stice, 
Cooper, Schoeller, Tappe, & Lowe, 2007). So, if they are not eating more than unrestrained 
eaters, why do restrained eaters gain more weight?  
There are several possible explanations for the counter-intuitive findings of Stice and 
colleagues. There are a variety of physiological differences between restrained and unrestrained 
eaters, including levels of fasting plasma triglycerides, free fatty acids, leptin, and insulin, as 
well as salivary responses and possibly even metabolic rates (see Lowe & Kral, 2006 for a 
review). Such physiological differences may make restrained eaters more proficient at storing the 
calories they take in. Another possible explanation for the discrepancy between restrained eaters’ 
naturalistic intake and their eventual weight gain is that restrained eaters tend to cycle on and off 
diets (Heatherton et al., 1988). When they are on a diet, they tend to score higher on the restraint 
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scale than when they are not dieting (Lowe & Timko, 2004). Therefore the findings of equal 
naturalistic intake may be attributed to the fact that some of the restrained eaters were on diets, 
and thus were successfully restricting their food intake at the time they were measured. At the 
same time, some of the “unrestrained eaters” may have actually been once-and-future restrained 
eaters who were merely on the non-dieting part of their cycle and thus were eating more than 
they normally would be. Because the dieting cycle makes it harder to determine actual restraint 
status, it is important to assess dieting history. To be considered a true unrestrained eater, one 
must never have been on a diet to lose weight. Restrained eaters’ consumption while they are not 
dieting may explain their propensity to gain weight.    
In addition to the dieting cycle’s influence on restraint scores, the perspective of the 
restrained eater about what they are actually inhibiting when they diet may also explain some of 
the contradictory findings about actual intake and weight gain between restrained and 
unrestrained eaters. Restrained eaters typically try to control their eating by inhibiting their 
consumption more than unrestrained eaters do. Are they trying to eat less than is needed or less 
than is wanted? To the extent that they are enticed by the obesogenic food environment, hedonic 
mechanisms seem to account for a great deal of restrained eaters’ motivation (Lowe & Levine, 
2005). They may be eating less than they want to eat, but at the same time, they are eating more 
than is needed and thus gaining weight, while still perceiving themselves to be restricting their 
diet. In this scenario, when the food environment activates the hedonic drives of some people, 
they respond with restraint in an ultimately unsuccessful effort to avoid weight gain.   
Most of the time, normal-weight restrained eaters successfully control their food 
consumption; however, in some circumstances they will eat even more than unrestrained eaters. 
Herman and Mack (1975) demonstrated this counter-intuitive tendency. When restrained eaters 
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consume a preload, such as a chocolate milkshake, they become disinhibited. They will 
subsequently eat more than restrained eaters who do not have a preload, and even more than the 
average unrestrained eater (with or without a preload). Herman and Mack suggested that this 
increased consumption after preload, known as the counter-regulatory effect, explained the 
consistent failure of dieting to control overeating. 
The cause of counter-regulation has been the subject of much speculation. According to 
Herman and Polivy’s “boundary model” of eating (1984), the phenomenon of counter-regulatory 
eating occurs when restrained eaters cross a specific boundary of consumption. But, when the 
restrained eater is on a diet to lose weight, they do regulate their eating after a preload (Lowe, 
1995; Lowe, Whitlow, & Bellwoar, 1991). Therefore, weight-loss dieting moderates the 
relationship between restraint and counter-regulation, contrary to what the boundary model 
predicts. However, restrained eaters are not always on diets to lose weight. In fact, they spend 
more time not being on a weight-loss diet than they do dieting. Current prevalence of dieting to 
lose weight among restrained eaters has been reported at 37% (Lowe, Whitlow, & Bellwoar, 
1991) and 25% (Jeffery, Adlis, & Forster, 1991). Rather than focusing on their dieting behavior, 
which seems to successfully limit both counter-regulatory eating and overall consumption, it 
may be more instructive to observe the more typical situation in which restrained eaters are 
challenged with palatable food and they are not dieting to lose weight.  
Knight and Boland (1989) attribute counter-regulatory eating to an abstinence violation 
that results from consumption of a forbidden food. According to their theory, it is the quality of 
the food that determines whether counter-regulation will occur rather than the quantity. They 
rated various foods for their tendency to cause disinhibition and found chocolate and milk shakes 
to be very disinhibiting, regardless of quantity. 
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Although disinhibited eating can be prompted by a forbidden preload, there are other 
ways to disinhibit eating. Traits or induced states of negative affect (Ruderman, 1985; 
Heatherton, Herman, & Polivy, 1991); as well as alcohol (Polivy & Herman, 1976), and even 
cognitive load (Ward & Mann, 2000) have all been shown to prompt overeating in normal-
weight restrained eaters.  
Several groups of researchers have suggested that the failure of normal-weight restrained 
eaters to control their eating is not due to behavioral restraint per se, but rather because some 
restrained eaters tend to overeat or disinhibit their eating; therefore it is necessary to identify 
restrained eaters who disinhibit their eating and distinguish them from restrained eaters who do 
not disinhibit their eating. 
It should be noted that Herman & Polivy’s Restraint Scale did not predict counter-
regulation in obese people (Hibscher & Herman, 1977; Ruderman & Christensen, 1983), and the 
construct validity of the measure in obese populations is questionable because weight 
fluctuation, which is more extreme in obese populations, is reflected in the RS. In part because of 
confounds in applying the RS to obese populations, researchers developed other tools to measure 
restraint in a more pure “cognitive” form, and to separate additional factors from restraint, such 
as disinhibition, that are also relevant to eating behavior. These tools include the Three Factor 
Eating Questionnaire (TFEQ; Stunkard & Messick, 1985) and the Dutch Eating Behavior 
Questionnaire (DEBQ; van Strien, Frijters, Bergers, & Defares, 1986), both of which have 
measures of disinhibition and cognitive restraint. Curiously, researchers have been unable to 
demonstrate counter-regulatory eating effects in restrained eaters using either of these tools to 
measure restraint (Westenhoefer, Broeckmann, Munch & Pudel, 1994; Van Strien, Cleven & 
Schippers, 2000).  
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Although they were unable to show correlations between cognitive restraint and counter-
regulatory eating, researchers have shown that the combination of high cognitive restraint and 
high disinhibition is correlated with high BMI (Williamson et al., 1995; Hays et al., 2002). As a 
possible explanation for this finding, disinhibition and cognitive restraint, in combination, have 
also been correlated with counter-regulatory eating behavior. In a study in which 200 normal 
weight women were divided into preload (200 cal milk shake) and non-preload groups, tendency 
to overeat as measured by the DEBQ-Disinhibition subscale was “the most important variable 
for ice cream consumption” (Van Strien, Cleven, & Schippers, 2000). In a similar study of 133 
normal weight women, Westenhoefer and colleagues (1994) showed that TFEQ-Disinhibition 
(DIS) was the most important variable for behavioral disinhibition and high DIS scores only 
predicted counter-regulatory eating in combination with high scores on TFEQ-Restraint. They 
suggested DIS should be renamed “susceptibility to eating problems” because it predicts 
overeating in a variety of circumstances (Westerhoefer et al, 1994).  
Ouwens, van Strien & van der Staak (2003) replicated the finding of a correlation 
between overeating and high disinhibition/cognitive restraint in their study of 209 normal weight 
women. Ouwens and colleagues suggested that the Herman & Polivy Restraint Scale was “biased 
toward selection of restrained eaters with a high tendency toward overeating,” because the RS 
contained items that reflected disinhibited eating and weight fluctuation. While restraint is an 
important determinant in overeating, it must be combined with tendency to disinhibit to predict 
counter-regulation. Most of the above studies failed to replicate the counter-regulatory eating 
effect of restricted (restrained) vs. unrestricted (unrestrained) eaters found by Herman & Mack 
(1975) because the other researchers were using a fundamentally different measure, which was 
cognitive restraint or intent to restrain, as opposed to Herman & Mack’s behavioral restraint. The 
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sample of restrained eaters studied by Herman & Mack and the type of eater that scores high on 
their Restraint Scale may be the type of eater who rigidly controls their eating in an all-or-
nothing manner and has a high tendency towards disinhibition. 
In summary, in order to compare regulation after a preload in unrestrained eaters and 
restrained eaters, one must be sure that the unrestrained eaters are not just restrained eaters who 
are not currently on diets. Therefore, eaters who have ever been on a diet to lose weight should 
be excluded from the unrestrained group, regardless of scores on the RS. The restrained eater 
most likely to counter-regulate would not be on a diet (Lowe, 1994; Lowe, Whitlow, and 
Bellwoar, 1991), and would also have a high score on the disinhibition scale. 
 
Emotional Eating 
Although the effects of restraint and disinhibition on eating regulation have been studied 
extensively, those two factors predict only a fraction of the variability in eating regulation; an 
individual’s affective state is also an important determinant of eating behavior. A persistent 
stereotype of the obese individual has been the sad loner who binges on comfort food after a bad 
date or missed promotion. This stereotype is not without basis; links have been shown between 
overeating and both enduring negative affective traits and induced states of negative affect. The 
convergence between overeating and negative affect is called emotional eating. Determining 
whether the inclination to engage in emotional eating is present in the pre-obese state may 
further inform a preventive strategy. According to Herman and Polivy (1975) and others, the 
tendency to experience negative affect when eating is fed by an increasingly negative self-image, 
which results from the breakdown of restraint. The increased negative affect exacerbates the 
desire to eat to feel better, which makes the restrained eater feel worse and creates a cycle of 
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negative affect and overeating. However, other researchers have found that negative affect is 
more of a moderator of restraint’s influence on eating behavior than a consequence of the (failure 
of) restraint (Cools, Schotte, & McNally, 1992; Stice, 1998). 
Prospective studies have shown that a trait-like predisposition toward negative emotions 
stands out from all other examined variables in predicting future binge eating (Leon et al., 1999), 
and the combination of dieting (restraint) and negative affect predicts binge eating (Stice et al., 
2000). Ruderman (1985) provided similar evidence for emotional eating in restrained eaters in 
her study of dysphoric mood and overeating. She found that restrained eaters ate more when in a 
bad mood than when not in a bad mood. Several other researchers have found that anxiety 
disinhibits restrained eaters (Cools, Schotte, & McNally, 1992, Heatherton et al., 1991). Another 
study that relied on the inducement of loneliness or anger through the use of words flashed on a 
screen (Meyer & Waller, 1998) showed that temporary bad moods are also correlated with 
increased rates of eating. The induction of other negative affective states, including frustration, 
fear, stress, sadness and anger, also predicts overeating (Ruderman, 1985; Lowe & Maycock, 
1988; Greeno & Wing, 1994; Sheppard-Sawyer, McNally & Fischer, 2000; Williams et al., 
2002; Bekker, van de Meerendonk, & Mollerus, 2004). 
The details of the relationship between counter-regulatory eating and emotional eating 
remain elusive; however, some common ground might be found in examining neural correlates 
of the two behaviors. Researchers have found prefrontal asymmetry to be related to both restraint 
and affect. 
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Prefrontal Asymmetry, Affective Disposition and the Approach-withdrawal Dichotomy 
Prefrontal asymmetry expresses the difference in resting alpha frequency band 
electroencephalographic (EEG) activity between the right prefrontal cortex and the left prefrontal 
cortex. In general, alpha band power density is inversely proportional to electrophysiological 
activity, so more alpha band power on the right side would be indicative of less neural activity. 
For the rest of this paper, the term asymmetry will be indicative of asymmetry of activity, as 
opposed to asymmetry of alpha band power density. Asymmetry of prefrontal activity is a stable 
trait. According to EEG research by Hagemann (2005), who took multiple resting-state EEG 
readings of prefrontal asymmetry in 59 participants over 10 weeks, about 40-50% of the 
variation in prefrontal asymmetry is due to individual differences on a latent trait. This was a 
replication of the group’s earlier finding (Hagemann et al, 2002), which showed similar results in 
a different sample, also of 59 participants. Other researchers have found similar results (Debener 
et al., 2000; Tomarken, Davidson, Wheeler & Kinney, 1992), with test-retest correlations in the 
.50s and .60s (Hagemann, 2005).  
In a series of intriguing EEG studies, R. J. Davidson and colleagues have shown that 
resting asymmetric neural activation in the prefrontal lobes is correlated with both long-lasting 
affective traits and affective response styles. These correlations have been found at ages varying 
from infancy to adulthood, although no longitudinal studies have been conducted as of yet. 
Davidson & Fox (1989) showed a correlation between right prefrontal asymmetry and 10-month-
old infants’ subsequent crying responses to maternal separation. Henriques and Davidson (1990, 
1991) found that people with depression, or a past history of depression, had reduced resting-
state activity in their left prefrontal cortex compared to their right prefrontal cortex. In 
subsequent investigations, Davidson and colleagues (1999, 2000, 2003) found that people with a 
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negative affective style (including anxiety and depression) had more resting neural activity in the 
right prefrontal area than in the left prefrontal area.  
Prompted by studies of emotional eating and restraint, as well as Davidson’s previous 
work in asymmetry, Silva, Pizzagalli, Larson, Jackson & Davidson (2002) worked to examine 
the resting prefrontal asymmetry of restrained eaters. Because negative affect has been shown to 
be correlated with restraint (Cools, Schotte, & McNally, 1992, Heatherton et al., 1991) and 
anxiety has been associated with resting right frontal asymmetry, Silva and colleagues reasoned 
that restrained eaters should have more baseline right prefrontal activity. They took two 8-minute 
EEG measures of prefrontal activity from each normal weight participant and calculated the 
difference between the average activity in the right prefrontal area and that of the left prefrontal 
area to get a measure of asymmetry. Averaging the two EEG measures of asymmetry of neural 
activity yielded a baseline trait asymmetry score for each participant. Scores on the Mood and 
Anxiety Symptom Questionnaire (Watson, Clark, Weber, et al., 1995; Watson, Weber, 
Assenheimer, et al., 1995) were added as covariates to account for the effects of temporary 
changes in mood on measurements of asymmetry. Finally, the asymmetry scores of the 
restrained group (15 or higher on the RS) were compared to those of the unrestrained group (less 
than 15 on the RS). The findings of Silva and colleagues supported their hypothesis; restrained 
eaters had more relative right prefrontal asymmetry than unrestrained eaters. Unfortunately, they 
did not account for weight-loss dieting history, so it becomes impossible to determine the degree 
to which their sample was truly (un)restrained. Interestingly, they did not find differences in 
affect (as measured by the Mood and Anxiety Symptom Questionnaire) between the restrained 
and unrestrained eaters. A possible explanation for the restrained/unrestrained group differences 
in asymmetry may be found in the behavioral motivation literature.  
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When relating prefrontal asymmetry to a predisposition toward overeating, some recent 
research suggests it may be more useful to think about asymmetry as a correlate of approach or 
withdrawal motivation, rather than as a correlate of positive or negative affective traits. In 
researching prefrontal asymmetry and emotion, Davidson has drawn parallels between the 
balance of positive/negative emotions and the balance of approach/withdrawal motivation. 
People with more approach motivation primarily seek reward, while those with more 
withdrawal-motivated behavior try to avoid punishment or aversive stimuli (Davidson et al, 
1990; Davidson & Irwin 1999). Although almost everyone engages in both approach- and 
withdrawal-motivated behavior, some people are generally more motivated in one direction than 
the other.  
Gray (1994) has proposed a pair of dueling systems that mediate behavior. The 
Behavioral Approach System (BAS) mediates attainment behavior in response to reward or 
incentives, and the Behavioral Inhibition System (BIS) guides rejection/withdrawal behavior in 
response to threats and novel stimuli. Sutton and Davidson (1997) used the BIS and BAS 
measures to see if there was a correlation between resting prefrontal asymmetry and general self-
reported tendency to either approach (BAS) or withdraw (BIS). They found there was a 
correlation between relative BAS-BIS strength and prefrontal EEG, and that those with high 
scores on the BIS (self-reported tendency to withdraw) also had relatively greater right prefrontal 
activity (right asymmetry).  
Davidson and others have said that those with more relative approach motivation tend to 
experience more positive emotions, goal-directed action planning and left-sided prefrontal 
activity, while those with more withdrawal or avoidance motivation experience more negative 
emotions and right-sided prefrontal activity. Such correlations between approach and withdrawal 
 Prefrontal asymmetry and eating behaviors  20 
behavioral motivation and left and right prefrontal asymmetry are present as early as 6 months of 
age (Buss et al., 2003). 
In an elegant series of experiments, Harmon-Jones and colleagues (1998; 2001; 2004) 
used anger to justify their claim that asymmetry mediates approach/avoidance motivation more 
than affective state. Anger is a negative emotion, but it is different from other negative emotions, 
such as depression and anxiety, which motivate an individual to withdraw. Anger motivates one 
to approach the perceived source of the anger. Harmon-Jones and Allen (1998) first showed that 
high scores on several measures of dispositional anger, such as the PANAS-C and Buss & Perry 
Aggression Questionnaire, were correlated with left prefrontal asymmetry; thus, those with angry 
dispositions (who are generally motivated by approach behavior) had more left prefrontal 
activity. In an extension of that work, Harmon-Jones and Sigelman (2001) induced anger in 
participants and noted an increase in relative left prefrontal activity. Thus temporary states of 
anger (and consequently, approach motivation) were accompanied by a leftward shift in 
prefrontal asymmetry, just as more trait-like dispositions to anger were correlated with a 
preponderance of left-sided asymmetry at baseline. 
Harmon-Jones and colleagues concluded that prefrontal asymmetry fundamentally 
mediates motivation to approach or avoid and that the correlation between right asymmetry and 
the negative valence of emotions uncovered by Davidson is a byproduct of the tendency of 
positive emotions to accompany approach motivation and negative emotions that often, but not 
always, accompany motivation to withdraw. 
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Asymmetry: State correlations with counter-regulatory eating?   
In summary, restrained eaters gain weight in the long run, but don’t seem to eat more. 
Perhaps they are eating more while they are off their diets. Dietary restraint, as measured by the 
restraint scale, is correlated with counter-regulatory eating in nondieters (Herman & Mack, 
1975); however, weight-loss dieters do regulate (Lowe, 1995), which suggests that counter-
regulatory eating should not be conceptualized as a boundary violation. Scores on the 
Disinhibition scale of the TFEQ have been shown to moderate the relationship between cognitive 
restraint and counter-regulatory eating (Westenhoefer et al., 1994; Ouwens, van Strien & van der 
Staak, 2003), and research with different types of preloads suggests that the forbidden qualities 
of a preload are the greatest determinants of its disinhibiting potential (Knight & Borland, 1989). 
Disinhibition also moderates the relationship between restraint and BMI (Williamson et al., 
1995). Additionally, restrained eaters can be more easily disinhibited if they have negative 
affective traits or are in a negative affective state. Because disinhibition is such a key 
determinant in counter-regulatory eating, which may ultimately be responsible for weight gain in 
restrained eaters, it is instructive to learn more about the mechanisms of the disinhibition process 
as it relates to eating.  
Prefrontal asymmetry has been found to be a relatively stable trait, with roughly 40% of 
its variability determined by changes of state. Research has also correlated resting right 
prefrontal asymmetry with higher restraint, more negative affect, and a tendency to respond to 
aversive stimuli with withdrawal. It has also been shown that the disinhibiting shift from 
withdrawal to approach may facilitate appetitive response (Depue & Collins, 1999). Because 
disinhibition involves a shift from withdrawal to approach and because behavioral motivation to 
withdraw is correlated with right prefrontal asymmetry and motivation to approach is correlated 
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with left prefrontal asymmetry, it seems reasonable to suggest that during disinhibition, there 
may be a shift in prefrontal asymmetry from right to left. 
The right PFC seems to be implicated in eating and dieting behavior with increasing 
regularity (Alonso-Alonso & Pascual-Leone, 2007). Other researchers (Delparigi et al., 2006) 
have shown a relationship between right PFC activity and successful dieting. Are the “successful 
dieters” the ones who can maintain high right PFC activity in the face of ego threats, 
disinhibition, and negative affect, while the unsuccessful dieters are unsuccessful because they 
suffer a relative shift in activity to the left and start to exhibit approach behavior? Is that why 
restrained eaters who are on a weight-loss diet can regulate their eating after a preload? In that 
case, perhaps all restrained eaters are successful dieters, when they choose to be, to the extent 
that they are still normal weight and are not eating as much as they want, as evidenced by their 
ability to resist counter-regulation.  
Recent fMRI research comparing restrained and unrestrained eaters in fasted and fed 
states has found that restrained eaters in a fasted state showed left frontal activation (areas 
implicated in reward and hedonic experience) in response to high palatability food stimuli that 
they did not show in a fed state. So restrained eaters before a preload may be more likely to feel 
rewarded by food than they do after having been fed a preload. This could also explain counter-
regulatory eating as overeating in order to gain the same reward because individual food stimuli 
are not as rewarding. Conversely, unrestrained eaters, when fed, yielded significantly less 
activation in the left frontal areas than they had when fasted (Coletta et al., In Press).  
We used EEG as a novel tool to examine both baseline (trait-based) and reactive (state-
based) asymmetry to increase our understanding of stress-diathesis relationships in eaters who 
are vulnerable to counter-regulatory eating, compared to those who are not vulnerable. 
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Purpose, Rationale and Predictor Variables 
In this exploratory research, the main objective was to identify prefrontal neural 
correlates of eating behavior. This was a first step in finding potential predictors of obesity. We 
tried to determine if right baseline asymmetry as measured by EEG is a neural correlate of 
Herman & Polivy restraint; if asymmetry in restrained eaters is state dependent and it shifts 
differentially in restrained and unrestrained eaters after a preload; and if asymmetric shift as 
measured by EEG is a state-dependent neural correlate of tendency to regulate (or counter-
regulate) in response to preload. 
Predictor variables relevant to exploring our objectives were restraint, baseline 
asymmetry, shift in asymmetry, and tendency to counter-regulate. 
1. Restraint was determined by Herman & Polivy’s Revised Restraint Scale (RS). 
2. Baseline asymmetry scores were determined subtracting the log of the mean alpha power 
for eyes open and eyes closed for electrode F3 from the log of the mean alpha power for 
eyes open and eyes closed for electrode F4. 
3. Asymmetric shift was determined by subtracting the asymmetry score from the second 
EEG measurement from the asymmetry score from the first EEG measurement (a positive 
shift will be from right to left). 
4. Tendency to counter-regulate was determined via an interaction of the effects of restraint 
status and preload status on ice cream consumption. 
 
Treating Asymmetry  
So, why is it so important to understand prefrontal asymmetry? Understanding the 
motivational aspects of the frontal lobe as it affects appetitive behavior is vital for identifying the 
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drives and traits that lead some individuals to maladaptive weight gain. Because prefrontal 
asymmetry seems related to several variables in the obesity equation, including chronic dieting, 
affect, motivation, sensitivity to the food environment, and disinhibition, it seemed particularly 
relevant to understanding obesity. Finally, and most importantly, trait-like prefrontal asymmetry 
may not only yield clues about prevention, it could be a target of treatment in some cases. Recent 
research has indicated that asymmetry may be altered by mindfulness meditation (Travis & 
Arenander, 2004; Davidson et al, 2003). Other research has shown that frontal EEG asymmetry 
can be altered through biofeedback (Allen, Harmon-Jones, & Cavender, 2001)  
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RESEARCH DESIGN 
Overview 
In a two-by-two-by-two mixed design, this research addressed the following questions: 
1. Do unfed highly restrained eaters (those who score in the top tertile of the revised RS) 
have more right prefrontal asymmetry at baseline than unrestrained eaters (those scoring 
in the bottom tertile), as suggested by Silva?  
2. Does prefrontal asymmetry change following a preload and are changes moderated by 
restraint status? 
3. Is change in baseline asymmetry correlated with tendency to counter-regulate in normal-
weight participants? 
4. Do scores on the BIS-BAS or TFEQ-Disinhibition scale correlate with baseline 
asymmetry when unfed, or change in asymmetry following preload? 
 
The experimental protocol is outline below: 
 
 Preload / Restrained Preload / Unrestrained No Preload / Restrained No Preload / Unrestrained 
Recruitment Consent Form; Edinburgh Handedness Questionnaire; Dieting and Weight History Questionnaire; Herman 
& Polivy Revised Restraint Scale  
Pre-session Mood and Anxiety Symptom Questionnaire; Verbal Hunger Scale 
Fasted EEG Baseline 8 Minutes EEG; alternating 1 minute eyes closed, 1 minute eyes open, repeated 4 times 
Preload / Wait 5 minutes to drink an 8 
oz milkshake 
5 minutes to drink an 8 
oz milkshake 
5 minute of idle time 5 minutes of idle time 
Verbal Hunger 
Questionnaire 
Verbal Hunger Questionnaire #2 
EEG Measurement #2 8 Minutes EEG; alternating 1 minute eyes closed, 1 minute eyes open, repeated 4 times 
Ice Cream Taste Test 3 bowls each containing 130-150 grams of ice cream were placed in front of the participants, each 
containing one plastic spoon. Participants were given 10 minutes to complete a taste test asking them to 
sample from each bowl in turn and answer questions about the taste qualities of the ice cream. Participants 
were informed before they began the taste test that they were free to eat as much ice cream as they liked 
after they had completed the taste test, but they had to wait a total of 10 minute before the next measurement 
regardless of how fast they completed the taste test. 
EEG Measurement #3 8 Minutes EEG; alternating 1 minute eyes closed, 1 minute eyes open, repeated 4 times 
Final Measures; 
measurements of height and 
weight; Debriefing;  
Participants were given a computer and filled out the BIS/BAS scale, Power of Food Scale, Restricted 
Eating 16 Scale, TFEQ Disinhibition Scale and TFEQ Restraint Scale. Participants were weighed and had 
height measured to calculate BMI. Participants were asked if they knew what the experiment was trying to 
determine. Participants were told the objectives and hypotheses of the experiment and informed that they 
had been deceived and that the amount of ice cream they had eaten had been measured. Participants were 
paid $40. 
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After allocation, participants completed a Mood and Anxiety Symptom Questionnaire 
(MASQ) and a Verbal Hunger Questionnaire (VHQ) before having baseline EEG assessed. 
Those in the preload group received a chocolate shake followed by another 8-minute EEG 
measurement. Those in the no-preload group had a second 8-minute EEG measurement after a 5-
minute wait. (The 5-minute wait was to control for the approximate period of time that preloaded 
participants took to consume the preload.) All participants then completed a second Verbal 
Hunger Questionnaire. Everyone participated in the ice cream taste test during which they could 
consume as much ice cream as they wanted. Consumption of ice cream was measured without 
participants’ awareness during the third 8-minute EEG. All participants subsequently completed 
other questionnaires, followed by debriefing and compensation. 
 
Detailed Participant Inclusion/Exclusion Procedures 
Participants were recruited from the Drexel University undergraduate population via 
direct information session in classrooms and flyers posted around the university’s campus. 
Potential participants completed the recruitment measures online. Those who qualified and 
participated were given course credit and were compensated $40.  Except for gender, the ethnic 
mix of participants reflected the general Drexel student population. Following is a list of 
inclusion criteria the participants had to meet. 
Female gender 
Most of the studies that have examined the relationship of restraint to eating behavior, 
including Silva and colleagues’ study, studied females only, so the participant population was 
limited in that regard.  
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Right-handedness 
Because left-handed and right-handed individuals may have different lateral organization 
of neural activity and function (Byrden, 1982), we exclude all left-handed or ambidextrous 
individuals due to their unpredictable and possibly confounding neurological organization. 
Handedness was assessed during recruitment with the Edinburgh Handedness Inventory 
(Chapman & Chapman, 1987). Only right-hand dominant participants were included (score of 18 
or higher on scale of 1-20). 
Pre-experimental food consumption 
Participants were directed to eat a meal no less than 2 hours prior to beginning the experiment 
and to eat nothing else prior to the study and to limit their drinking to water. Because connection 
of the EEG electrodes can sometimes take as long as 1 hour, to the 2-hour time period was 
appropriate to ensure that participants were neither too hungry nor too full. Most other studies of 
counter-regulatory eating have indicated participants should eat two hours before the experiment 
starts (Ruderman, 1985; Knight and Borland, 1989; Ouwens et al., 2003), but other researchers 
have directed participants to eat within two hours of beginning participation and still found 
counter-regulatory eating (van Strien, Cleven & Schippers, 2000; Westenhoefer, Broeckmann, 
Munch & Pudel, 1994). Although such limits were in place, many participants began at 9:00 a.m. 
on weekend days and likely did not eat in the morning prior to testing and consequently may not 
have eaten for as long as 12 hours prior to the beginning of the study. Time of last meal was not 
assessed; participants were asked if they had eaten in the two hours prior to arrival. 
Eating disorders 
Individuals with psychiatric disorders that affect body weight or energy expenditure or a 
history of eating disorders were excluded from the study. 
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Age 
So that our participants represented the undergraduate population as closely as possible, 
participant’s ages were restricted to the range of 18-25, the approximate range of ages studied in 
most previous counter-regulation experiments, specifically that of Silva and colleagues. 
Abstinence from psychoactive drugs 
Individuals who consumed alcohol in the 24 hours prior to the study or had taken any 
psychoactive substances within the 48 hours prior to the study’s start were to be excluded from 
participation. When asked about abstinence, all participants denied recent alcohol or drug use. 
Participants were given notice prior to the date of the experiment of the need for abstinence. 
Neurological/psychiatric disorders 
Participants with current bipolar disorder, major depressive episode, substance abuse or 
dependence disorder or epilepsy, as queried on the recruitment form, were excluded. 
Chocolate and ice cream preference 
Chocolate milk shakes were used as the preload treatment stimulus in this study because 
chocolate has been shown to be a highly forbidden food (Knight & Borland, 1989) and has been 
used in previous studies to show counter-regulatory effects. However, such behavior can only be 
duplicated in individuals who like chocolate. Therefore, individuals who did not like or were 
allergic to chocolate were excluded. Because we studied a preload’s effects on subsequent ice 
cream consumption, we excluded individuals who confirmed on the recruitment form that they 
did not like or are allergic to ice cream (lactose intolerance). Individuals who were unable or 
unwilling to drink the preload milkshake within 5 minutes were to be excluded, but no 
participants failed to consume the ice cream within the 5-minute period. 
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Diabetes 
Participants with diabetes were excluded from the study due to possible adverse 
consequences of uninhibited ice cream consumption. 
Other health concerns 
Individuals who confirmed that they had a myocardial infarction within the past three 
months or malignant arrhythmias, unstable angina, a current or recent history of cancer, 
cerebrovascular, renal or hepatic disease, protein wasting disease (i.e., lupus, Cushing’s 
syndrome), end-stage renal disease, indicated by creatinine greater than 1.8, or a gouty attack 
within the past year were also excluded. 
Normal weight 
Researchers have questioned the validity of the Restraint Scale in measuring dietary 
restraint in obese participants (Heatherton et al., 1988, Ruderman, 1986), because the larger 
weight fluctuations of obese people tend to yield higher scores on the questions that assess 
weight fluctuation. Because we sought to identify correlates of weight gain in normal weight 
individuals, and because obesity may confound restraint measurements, we excluded all 
participants who were not normal weight. People with a self-reported BMI above 26 were 
excluded so that the remaining participants were very likely to be normal weight at the time of 
the experiment. Weight and height were measured to determine true BMI after participation in 
the study and the results of one participant had to be excluded because she had a BMI over 27. 
High or low scores on revised restraint scale (RS) 
Only participants that scored in the top and bottom tertiles on the RS were included. 
Because previous research has shown that a group high in restraint is more vulnerable to counter-
regulatory eating, excluding participants who did not score high or low was thought to be more 
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likely to yield clear group differences in counter-regulation and increase the efficiency of limited 
imaging resources in detecting possible group differences in prefrontal asymmetry.   
Active dieting 
Participants who indicated they were currently on a diet to lose weight (Dieting and 
Weight History Questionnaire) were excluded because past research has shown that current 
dieters respond to preload differently than restrained eaters who are not currently dieting (Lowe, 
1993).  
Power 
The effect size found by Silva was -.43 (a negative correlation between scores on the RS 
and amount of left asymmetry). We used a Pearson correlation to evaluate the relation between 
restraint and asymmetry. Using Power Analysis and Sample Size (PASS) software, to achieve a 
power equal to at least .80, with alpha = .05 and an effect size of .43, we estimated we would 
need 33 participants (Guenther, 1977). Because no prior research has examined the effect sizes 
of preload on asymmetry, a power analysis of the planned repeated-measures ANOVA would 
have little meaning. We planned for a total N of 40, which would have yielded a total of 10 
participants per cell. This is a substantial undertaking in EEG research. The total size of our 
preload group was 24 and our non-preload group was 15 for a total N=39. Three participants had 
to be excluded, two due to corrupt data and one because she exceeded the BMI limit for the 
study. The number of participants should have been sufficient to detect an effect size similar to 
that detected by Silva and colleagues, especially given the use of a tertile split to accentuate 
group differences. It should be noted that effect sizes in neuroimaging research are difficult to 
interpret clinically. A small effect size in neural activity may have an enormous effect on 
behavior. 
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METHODS 
Because we wanted to ensure that we were measuring the relationship between 
asymmetry and restraint in a group similar to that in which it was measured previously, we 
recruited from an undergraduate population similar to that used in Silva’s study (2003). Also, 
undergraduates are an appropriate population to study from a preventive perspective because 
adult weight gain often begins during those years (Lowe, 2006).  
All participants were seen for a single session beginning in either the morning (9-10 a.m.) 
or early afternoon (12-1 p.m.) and ending 3 hours later. During recruitment, participants were 
given access to the Sona Systems Web site, where they completed online versions of the RS, 
Dieting and Weight History Questionnaire, and the Edinburgh Handedness Inventory. After 
these measures were automatically scored via Excel spreadsheets, qualified participants were 
invited to schedule a time to participate. All participants not scoring in the top or bottom tertile 
of RS were excluded. Restrained and unrestrained participants were allocated to either the 
preload group or the control (no preload) group via a table of random numbers. Prior to arriving, 
participants were told to eat a meal no less than 2 hours before they arrived at the EEG 
laboratory (van Strien, Cleven & Schippers, 2000; Westenhoefer, Broeckmann, Munch & Pudel, 
1994), which was about three hours prior to EEG measurement. Compliance with eating 
restrictions was assessed prior to consent. All participants that fulfilled the entry criteria were 
given consent forms approved by the Drexel University Institutional review board. Participants 
were briefed on safety issues and the operation of EEG technology. Subsequently, participants 
were given the Verbal Hunger Questionnaire and the Mood and Anxiety Symptom 
Questionnaire. 
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Participants were seated in a small room in front of a small table. All participants were 
told: “Today we are going to ask you to sample several flavors of ice cream. We are interested in 
possible differences in neural activity due to taste in those who have been fed compared to those 
who have been not been fed. First, we must get a baseline measure of EEG in an unfed state.” 
A baseline EEG measurement was given to all participants. Participants observed a black 
screen with a white “+” in the center of it. Participants alternated between 1 minute of eyes-open 
measurement and 1 minute of eyes-closed measurement, for a total of 8 minutes as per previous 
relevant research (Tomarken et al., 1992; Silva et al., 2002).  
Following the baseline EEG measurement, control participants were told to wait 5 
minutes prior to having another measurement “to complete the baseline.”  Control participants 
waited 5 minutes because it was a similar amount of time compared to that taken by preload 
participants who consumed the milkshake. Those who were allocated to the preload group were 
given an 8 oz (440 ml) chocolate milkshake (113 grams of vanilla ice cream, 113 grams of whole 
milk, and 1 tablespoon of Hershey’s chocolate syrup) and asked to drink the entire shake within 
5 minutes. Although this quantity is less than that used by Herman, Polivy and colleagues in 
studies that have successfully prompted counter-regulatory eating, other research has indicated 
that preload size may not matter as much as the degree to which the preload is forbidden (Knight 
& Boland, 1989). Participants were left alone for 5 minutes while consuming the preload shake. 
No participants failed to consume the shake within 5 minutes.  
Participants were then given another 8-minute EEG measurement that was in all respects 
identical to the first measurement. The 8-minute delay between the preload and ice cream taste 
test (for the second EEG measurement) was the only substantive procedural difference between 
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this experiment and those of Herman, Polivy and colleagues and other researchers who have 
demonstrated counter-regulatory eating.  
After the second EEG measurement, participants were instructed on how to complete the 
ice cream taste test. As per several previous experiments that have successfully demonstrated a 
counter-regulatory eating effect (Herman & Mack, 1975; Herman, Polivy & Silver, 1979; 
Hibscher & Herman, 1977; Herman, Polivy, & Esses, 1987; Polivy, Heatherton, & Herman, 
1988), all participants were given the following oral instructions prior to the taste test: 
Please taste and rate each of these three flavors of ice cream. Take as much time as you 
need to be sure of your rating before going on to the next flavor. Fill out all of the ratings for the 
first flavor before tasting any of the next flavors. Please do not change a rating for any previous 
flavor after having tasted any of a subsequent flavor—once you have tasted a new flavor you 
may not go back and change any ratings of another flavor. Please rate the three flavors in the 
order in which they are laid out in front of you so that the tastes do not get mixed up. By the way, 
we will be throwing out any left-over ice cream, so after you finish all your ratings, feel free to 
go back and help yourself to as much of any flavor as you like. It is important, however, that you 
don't change any of your ratings. I'll be back in 10 minutes.  
Participants used pen and paper forms to rate the flavors of each ice cream. Before the 
test, participants were directed to taste as much of each ice cream flavor as they wanted in order 
to make an accurate assessment of the flavors. They began with vanilla and then moved on to 
chocolate and then strawberry. Taste ratings were not analyzed and will not be discussed here. 
Participants were told that their EEG would not be recorded during the taste test because 
accurate EEG measurements are impossible while participants are eating, due to activity from 
muscles. They were instructed about the lack of EEG recording because we wanted them to 
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concentrate on their taste ratings without worrying about what was being recorded by EEG, so as 
to minimize the effects of perceived observation on ice cream consumption. In order to 
maximize the potential for eating regulation as assessed in the lab to reflect behavior that might 
be exhibited in real-world situations, participants must not believe they are being observed and 
they must be unaware of the experimenters’ interest in amount of ice cream consumed. After 10 
minutes, the bowls and whatever ice cream they contained were removed from the room. 
After the taste test, participants were given a third 8-minute resting EEG measurement 
identical in all respects to the first two measurements. During the third 8-minute EEG 
measurement, all remaining ice cream was weighed to determine total ice cream consumption. 
Following the third EEG measurement, all participants filled out the Three Factor Eating 
Questionnaire Disinhibition scale, the Power of Food Scale, The Restricted Control 16 scale, the 
Three Factor Eating Questionnaire Restraint Scale, and the Behavioral Inhibition Scale/ 
Behavioral Activation Scale. Participants were also asked about their impressions of the purpose 
of the study: “Can you tell me in your own words what you think the study was about.” The only 
element of participant responses that was recorded was an indication that they suspected the 
import of the amount of ice cream consumed. No participants indicated upon direct questioning 
or after debriefing that they suspected that the amount of ice cream they ate would be recorded. 
Height and weight of participants (determined via scale and stadiometer measurements) was used 
to calculate BMI. Participants were subsequently debriefed and compensated.  
 
EEG Methods 
Continuous EEGs were recorded at 256 Hz sampling rate (bandpass filtered 0.2-100 Hz) 
from 19 tin electrodes embedded in a stretchable lycra cap (Electro-Cap International, Inc.) with 
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digitally linked mastoid referenced with forehead ground and placed according to extended 
International 10-20 System. Data were collected during 8 60-s trials, alternating eyes closed and 
eyes open. Electrode impedances were kept below 20,000 [Ω] (per manufacturer 
recommendation). EEG was amplified 20,000 times using the MIRCOAMPSTM data acquisition 
system (SAM Technology, Inc.). EEG signals were then digitized using the 
MANSCAN® RECORDER system (SAM Technology, Inc.). Strip Chart (MANSCAN®) was 
used to render data recorded via MANSCAN® RECORDER usable by EMSE 5.3 (Source Signal 
Imaging Inc., San Diego, California, United States).   
Prior to data analysis, EEG channels with excessive noise were replaced with interpolated 
data from neighboring channels. For no participant’s data was interpolation necessary for the F3, 
F4, P3, or P4 electrodes. Eye blink artifacts were removed from the EEG with an adaptive filter 
separately constructed for each participant using EMSE 5.3. In some cases, when there were not 
enough eye blink samples to establish a useful filter, eye blink artifacts were removed manually. 
All artifacts due to gross muscle activity and movement were removed manually from the data. 
Artifact free epochs of data were extracted through a Hanning window. Fast Fourier Transform 
was applied to all extracted epochs that were four seconds in duration (ranging from 32 to 63 
epochs per condition), with epochs overlapping 50%. Power density was then computed for the 
alpha band summing power values across each 0.25-Hz bin within a band and dividing by the 
number of bins. Mean alpha power was computed separately for eyes-open and eyes-closed trials 
and weighted by the number of available artifact-free epochs. A mean of alpha power for eyes 
open and closed was then computed. Finally, all power density values were log transformed to 
normalize the distribution of the data. 
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Log-transformed EEG power values in the alpha band (8-13 Hz) were computed for 
electrodes F3, F4, P3 and P4. Frontal asymmetry scores were computed by subtracting the value 
obtained at the left-frontal electrode F3 from the corresponding value at the homologous right-
frontal electrode F4 (log F4-log F3). Parietal asymmetry scores were computed by subtracting 
the value obtained at the left-parietal electrode P3 from the corresponding value at the 
homologous right-parietal electrode P4 (log P4-log P3). Because alpha-band EEG power is 
inversely proportional to magnitude of neural activity, positive asymmetry scores reflect greater 
left-sided neural activity (i.e., greater alpha band power density on the right than on the left). 
Conversely, negative scores reflect greater right-sided activity. 
SPSS 16 (SPSS, Inc.) was used to determine means and standard deviations for all power 
values and to run all statistical analyses described below.  
 
Summary of Behavioral Assessment Categories and Tests 
Traits and States   Measure 
Handedness    Edinburgh Handedness Inventory 
Dieting behavior   Restraint Scale (H&P), RC16, TFEQ-Restraint 
Disinhibition tendency  TFEQ-DIS 
Dieting Status    Dieting and Weight History Questionnaire 
Behavioral motivation  BIS/BAS 
Hunger    Verbal Hunger Questionnaire 
Mood/Anxiety    Mood and Anxiety Symptom Questionnaire 
Response to food environment PFS 
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Hypotheses and Analyses 
We attempted to replicate previous EEG findings (Silva et al., 2002) of a correlation 
between scores on the Restraint Scale and baseline prefrontal asymmetry with EEG at rest. To 
test this hypothesis, we used a 2 x 2 mixed-model analysis of variance (ANOVA), with group 
(restrained vs. unrestrained) as the between-groups variable and region (anterior vs. posterior) as 
the repeated-measures variable on asymmetry scores (log F4 – log F3; log P4 – log P3). The 
ANOVA was followed by planned comparisons (t-tests) of (log F4 – log F3) in restrained vs. 
unrestrained eaters and followed by planned comparisons (t-tests) of (log P4 – log P3) in 
restrained vs. unrestrained eaters. These comparisons were run to ensure that differences are not 
merely reflective of different levels of overall hemispheric activity. According to Silva and 
colleagues (2002), the parietal sites (P3 and P4) are good control sites because previous research 
(Sutton & Davidson, 1997; Wheeler, Davidson, & Tomarken, 1993) has shown that those sites 
do not co-vary with affective measures in EEG baseline measurements.  
We predicted that restrained eaters would counter-regulate after a preload. We conducted 
an analysis of variance (ANOVA) on a 2 x 2 factorial design to measure ice cream consumption 
with group (restrained vs. unrestrained) and treatment (preload vs. control) as between-groups 
variables. 
We predicted that counter-regulators would shift from right to left and that there would 
be a positive (right to left) shift (difference in baseline before preload compared to ‘fed’ baseline 
after preload) in asymmetry in the counter-regulating group (those in the preload group who ate 
more than the average amount consumed by the controls) compared to the regulating group 
(those who ate less than the control group). Based on past research (Sutton and Davidson, 1997; 
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Harmon-Jones and Allen, 1998; Harmon-Jones & Seligmann, 2002) that has correlated left 
prefrontal asymmetry with approach behavior, we hypothesized that counter-regulatory behavior 
is similar to a shift in behavior from withdrawal to approach and that such a change in behavior 
would be correlated with a relative shift from right to left prefrontal asymmetry. EEG was 
recorded for 8-minute intervals before and after preload and baseline and fed asymmetry scores 
of the regulating and counter-regulating groups were compared via repeated-measures ANOVA. 
We predicted that there would be a positive correlation between asymmetric shift and 
amount of counter-regulatory eating as measured by ice cream consumption. Asymmetric shift 
(the difference in prefrontal asymmetry from baseline to after the intervention) in participants in 
the preload group was compared with how much ice cream they consumed via Pearson 
correlations. 
We predicted that there would be an interaction between unfed baseline asymmetry and 
shift in asymmetry in predicting counter-regulatory eating. Baseline asymmetry and asymmetric 
shift were regressed on amount of ice cream consumed in the preload group. 
For exploratory analyses, baseline asymmetry scores were compared to DIS scores using 
Pearson correlations. Asymmetric shift in the preload group was also compared to DIS scores 
using Pearson correlations. For exploratory analyses, baseline asymmetry scores were compared 
to BIS/BAS scores using Pearson correlations. Asymmetric shift in the preload group was also 
compared to BIS/BAS scores using Pearson correlations. 
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RESULTS 
There were 42 participants in the study. One had to be excluded from analysis because 
her BMI  (assessed after data collection) was greater than 27. Two other participants had to be 
excluded because their EEG data were corrupted. Results were analyzed for a total of 39 
participants, of whom 15 were restrained eaters and 24 were unrestrained eaters. All participants 
were normal weight women (BMI<27); 28 participants were Caucasian, 8 were Asian, and 3 
were African American. 
 
Pre-existing Group Differences 
Independent-samples T-tests were run to evaluate pre-existing differences between the 
groups of restrained eaters and unrestrained eaters. There were no significant differences 
between the two groups in handedness, age, time of participation, hunger, or weight suppression 
(Table 1). As expected there were significant differences between the groups in restraint as 
measured by the Herman & Polivy Restraint Scale (RS): t(38)=-13.34 (p < .001). Because 
behavioral restraint (as measured on the RS) has repeatedly been shown to be positively 
correlated with cognitive restraint as measured on the Three-Factor Eating Questionnaire 
(TFEQ-R), disinhibition as measured on the Three-Factor Eating Questionnaire (TFEQ-DIS), 
and rigid control as measured on the Rigid Control Scale 16 (RC-16), it was unsurprising that 
independent samples T-tests found pre-existing group differences on those measures: TFEQ-R: 
t(38)= -5.79 (p<.001); TFEQ-DIS: t(39)=-7.37 (p<.001); RC-16: t(39) = -5.09 (p<.001). Because 
scores on the RS have been correlated with weight gain, a significant difference in body mass 
index (BMI) between the two groups was expected and detected: t(38) = -3.14 (p=.003). All 
 Prefrontal asymmetry and eating behaviors  40 
analyses that compared restrained to unrestrained eaters used BMI as a covariate. All of these 
analyses were also run without BMI as a covariate. At no time did BMI alter the significance or 
non-significance of a result. Cases in which BMI accounted for significant variance will be 
noted. 
 
Prefrontal Asymmetry 
To answer the question of whether resting prefrontal activity in restrained eaters is different from 
that of unrestrained eaters, a 2 X 2 mixed-model analysis of variance (ANOVA) was performed 
on the asymmetry scores (log F4 – log F3; log P4 – log P3), with group (restrained vs. 
unrestrained) as the between-groups variable and region (prefrontal vs. parietal) as the repeated-
measures variable. When controlling for between-groups differences in BMI, there was no main 
effect of location, F(1, 37) = 0.10 (p=.770); no main effect of group, F(1, 37) = 0.71 (p=.407), 
and no interaction, F(1, 37) = 0.107 (p=.746). Thus there was no significant difference in 
asymmetry in prefrontal compared with parietal regions and there was no significant difference 
in either measure of asymmetry in restrained compared to unrestrained eaters when controlling 
for BMI.  
Independent-samples T-tests showed unrestrained eaters, 1.39 (.130), had significantly 
more alpha activity at F3 than restrained eaters, 1.29 (.181): t(38) = 2.07 (p=.046) (Figure 1). 
There was a marginally significant difference in alpha activity at F4 between unrestrained eaters, 
1.39 (.134), and restrained eaters, 1.30 (.183): t(38) = 1.87 (p=.069) (Figure 1). Although the two 
groups had significantly different alpha power at both F3 and F4 at baseline, there was no 
significant difference in prefrontal asymmetry between unrestrained, 0.001 (.017), and restrained 
eaters, 0.008 (.023), t(38)= -1.22 (p=.229) (Figure 2). When controlling for BMI, there were no 
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significant differences between unrestrained and restrained eaters in alpha power at F3, F(1, 37) 
= 2.17 (p=.150); alpha power at F4, F(1, 37) = 1.78 (p=.191); or prefrontal asymmetry, F(1, 37) 
=  0.71 (p=.405). There were no significant differences between restrained and unrestrained 
eaters in parietal activity (as a measure of arousal) at baseline. 
To answer the question of whether restraint moderates changes in prefrontal asymmetry 
following a preload, a 2 x 2 x 2 repeated-measures ANOVA was run, with prefrontal asymmetry 
(at baseline and post-intervention) as the within-subjects factor and intervention and restraint 
status as the between-groups factors and BMI as a covariate. BMI did not significantly contribute 
to the variance in the model. The analysis showed no significant main effect of the milkshake 
intervention on asymmetry, F(1, 34)=0.067 (p=.797); drinking a milkshake preload did not 
significantly change prefrontal asymmetry. Collapsed across treatment groups, there was a 
significant main effect of group (restrained vs. unrestrained) on change in asymmetry over time 
(from baseline to post-intervention measurement), F(1, 34) = 6.33 (p=.017) (Figure 3). Between 
the baseline and post-intervention EEG measurements of prefrontal activity, there was a 
significant change in prefrontal activity from left asymmetry toward the right in restrained eaters 
(.009 at baseline and .001 at post-intervention) compared to unrestrained eaters, who 
demonstrated a shift toward left asymmetry (.001 at baseline and .005 at post-intervention) 
(Figure 3). The changes were in opposite directions and there was a significant interaction 
between restraint status and prefrontal asymmetry scores over time (Figure 4). Although parietal 
alpha increased from baseline to the post-intervention period, likely as a result of declining 
arousal as participants acclimated to EEG data collection and the quiet testing environment, 
when controlling for changes in parietal alpha, the interaction remained significant, f(1, 34) = 
5.494 (p=.025). There was a marginally significant interaction between intervention (preload vs. 
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no preload) and group (restrained vs. unrestrained) on change in asymmetry, F(1, 34) = 2.98 
(p=.093) (see Figure 5 for means and ranges of asymmetry values in all conditions). However, 
when controlling for changes in parietal alpha (to account for possible declining arousal), the 
marginally significant interaction between preload status and restraint status on changes in 
prefrontal asymmetry became non-significant, f(1, 34) = 1.494 (p=.230).  
In an effort to determine if there were any more subtle or rapid shifts in prefrontal 
asymmetry taking place following intervention (preload or no preload), the post-intervention 
measurement of asymmetry was parsed into four 2-minute measurements. Below, “immediately 
after the intervention” is the period that includes the first two minutes after the preload (or 5-
minute waiting period). The period referred to as “immediately before the ice cream taste test” is 
the period that is 6-8 minutes after the intervention and is also the 2 minutes prior to the ice 
cream taste test. 
A 2 x 2 x 5 repeated-measures ANOVA was run with prefrontal asymmetry (at baseline 
and at the 4 consecutive time periods after the intervention as outlined above) as the 5-level 
within-subjects factor; with intervention (preload vs. no preload) and restraint status as the 
between-groups factors, and with BMI as a covariate. The analysis showed no significant main 
effect of intervention on change in asymmetry, F(1, 34) = 0.022 (p=.884); and no significant 
effect of group on change in asymmetry, F(1, 34) = 0.730 (p=.399), and no significant interaction 
between group and preload on change in asymmetry, F(1, 34) = 1.29 (p=.263), during the 8-
minute time period immediately after intervention. 
It is possible that a shift in asymmetry following preload is fairly rapid and that a 
compensatory counter-shift follows within minutes. In order to determine if a more transient shift 
in asymmetry had been obscured within the 8-minute post intervention measurement period, a 
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2x2x2 repeated-measures ANOVA was run with prefrontal asymmetry (baseline and 
immediately after intervention) as a two-level within-subjects factor and intervention (preload vs. 
no preload) and restraint status (restrained vs. unrestrained) as between-groups factors and BMI 
as a covariate. This was done to gain an understanding of prefrontal asymmetry status 
immediately following preload. The analysis showed no significant main effect of intervention 
(preload vs. no preload) on initial change in asymmetry, F(1,34) = 1.38 (p=.248). It showed a 
significant main effect of group (restrained vs. unrestrained) on initial change in asymmetry, F(1, 
34) = 7.047 (p=.012), an effect that was maintained when controlling for change in parietal 
asymmetry as a general measure of arousal; F(1,34) = 6.128 (p=.018). There was no interaction 
between group and intervention on initial change in asymmetry, F(1, 34) = 1.48 (p=.233). 
 
Predicting Eating Behavior 
To investigate whether prefrontal asymmetry can predict eating behavior in normal 
weight participants, a 2 x 2 ANOVA was run with group (restrained vs. unrestrained) and 
intervention (preload vs. no-preload) as the between-subjects factors, BMI as a covariate, and ice 
cream consumed as the dependent variable to see if there was counter-regulation. The analysis 
found no significant main effect of group on ice cream consumption, F(1, 38) = 0.79 (p=.380). 
There was no significant main effect of intervention (preload vs. no preload) on ice cream 
consumption, F(1, 38) = 1.67 (p=.205); and no significant interaction between group and 
intervention, F(1, 38) = 1.90 (p=.177), meaning that the counter-regulation effect was not 
significant. (See Figure 6 for mean ice cream consumption across conditions.) 
In restrained eaters with no preload (n=6), left prefrontal asymmetry during the two 
minutes just before the taste test, strongly correlated with ice cream consumed (r=.794, p=.059). 
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Although these correlations were only marginally significant, likely due to the small sample size 
(n=6), their size is of note. A scatter plot demonstrates that the correlation is not the result of a 
single outlier (Figure 7). Directly after consumption of the preload, there is a strong marginally 
significant negative correlation between left asymmetry and ice cream consumed (r=-.608, 
p=.082) in preloaded restrained eaters (n=9). In no other groups were there significant 
relationships between any measure of prefrontal activity and ice cream consumed. Correlations 
between asymmetry and ice cream consumption in the other three groups were either fairly close 
to zero or not significant.  
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DISCUSSION 
Replicating Silva 
The first aim of the study was to replicate the finding by Silva and colleagues (2002) of a 
relationship between prefrontal asymmetry and restraint. Silva found that restrained eaters had 
significantly more right-sided activity compared to left sided activity (right asymmetry of 
activity); while unrestrained eaters showed a non-significant trend toward left asymmetry. This 
study did not replicate the findings of Silva. Possible reasons for failure to replicate Silva’s 
results include differences in recruitment, experimental differences, and differences in data 
collection between the studies. Speculation follows about how such differences could have 
influenced the results. 
The disparate findings might be attributable to somewhat different recruitment 
methodology in the two studies. Silva did not exclude current dieters. Restrained eaters who are 
dieting to lose weight have shown opposite eating regulation patterns compared to restrained 
nondieters (Lowe, 1993; Lowe, Whitlow, & Bellwoar, 1991) and have been shown to have 
greater weight cycling as well (Lowe & Timko, 2004). Because of such behavioral differences, 
current dieters were excluded from this study, which had a primary aim of investigating possible 
changes in prefrontal asymmetry during counter-regulation. Silva did not list current dieting as 
an exclusion criterion and presumably it was not used as such. It is possible that actively dieting 
restrained eaters, who were likely among the participants in Silva’s restraint group, have greater 
right asymmetry than nondieting restrained eaters, which skewed the measured asymmetry of 
Silva’s restraint group to the right. This possibility would be in accord with the concept that 
prefrontal asymmetry corresponds to motivational direction (Harmon-Jones, 2004). In the 
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behavioral motivational framework, dieting could be a state of withdrawal from aversive 
(palatable food) stimuli and consequently greater right asymmetry of activity. 
If there is a linear relationship between restraint and asymmetry, such a relationship 
should have been more apparent in this study than in Silva’s study because group selection 
criteria were based on a tertile split in restraint scores, rather than the median split of RS = 15 
that Silva used to select his groups. Curiously, this difference had little effect on the mean 
restraint scores for the two groups when compared across studies. In Silva’s study, restrained 
eaters had mean RS = 18.43 (3.38) and unrestrained eaters had mean RS = 8.75 (2.64). In this 
study, restrained eaters had mean RS = 17.87 (2.13) and unrestrained eaters had mean RS = 6.42 
(2.86). Although Silva’s restrained eaters scored slightly higher on restraint than those used in 
this study, the difference between the two groups was not significant (t=-0.57, p<0.57). There 
was a significant difference in restraint scores in Silva’s unrestrained group compared to the 
unrestrained group in this study (t=-3.15, p=0.002), with Silva’s unrestrained group having 
higher scores. Because more rigorous selection criteria designed to increase group differences 
failed to replicate even trends toward the same relationships between asymmetry and restraint 
detected by Silva, it is likely that either Silva’s findings were false positives, or other differences 
between the studies accounted for the conflicting findings.   
Another difference between the two studies was that participants in Silva’s study had 
restraint assessed 18-24 months after EEG was used to measure asymmetry; while this 
investigation assessed restraint no more than two weeks prior to EEG measurement. Restraint is 
considered to be a fairly stable trait (Heatherton et al., 1988); however, given the age of Silva’s 
participants (18.5), it is possible that eating behavior and restraint status changed significantly in 
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the two years between when the participants had prefrontal activity measured and when they 
completed the restraint scale.  
Based on their age, most of Silva’s participants, who were college students, likely had 
EEG measurements during their freshman year, a high-risk period for weight gain (Anderson, 
Shapiro, & Lundgren, 2003; Butler, Black, Blue, & Gretebeck, 2004; Hodge, Jackson, & 
Sullivan, 1993). If some of Silva’s restrained participants began or intensified their chronic 
dieting as a consequence of weight gain during their freshman year, or if their scores on the 
restraint scale were elevated because of their weight fluctuation at that time (Ruderman, 1985; 
Heatherton et al., 1988), they could have been classified as restrained eaters when, at the time of 
their EEG measurement, they were actually unrestrained eaters.  
Another pre-existing group difference in this experiment that was not present in the Silva 
study was disparity in body mass index. In this study, restrained eaters had significantly greater 
BMI than unrestrained eaters. Silva’s groups, surprisingly, did not have significantly different 
BMIs. It is possible that as restrained eaters gain weight, their prefrontal activity becomes less 
asymmetric or more variable. Although we controlled for BMI by using it as a covariate in all 
analyses comparing the two groups, statistical control of pre-existing group differences is not 
guaranteed to eliminate their confounding effects.  
The failure to replicate could also be attributed to changed participant roles due to 
experimental demand characteristics. First, the participants in this study knew at the time of EEG 
data collection that they were about to engage in an ice cream taste test and that they might be 
asked to drink a chocolate shake. Second, they had not eaten for three hours prior to EEG data 
collection, compared to participants in Silva’s study who had no stated restrictions on pre-
experimental eating behavior and were not anticipating imminent consumption of a forbidden 
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food. It is quite possible that the restrained eaters in this study, having resolved to eat ice cream 
‘for the good of science’ or ‘because I need the money,’ may not have been in a naturalistic state 
of withdrawal from aversive stimuli, with that state’s concurrent right asymmetry of activity, but 
were in a more balanced state. If one conceptualizes asymmetry as a correlate of affective 
states/traits, as Silva does, the lack of agreement between the results reported here and those of 
Silva could be attributed to a lack of negative affect that is normally present when restrained 
eaters anticipate eating. Perhaps they experienced pleasure from being freed of the responsibility 
of exerting cognitive control over their eating behavior, for once, due to experimental demand 
characteristics, and consequently they experienced a greater degree of left prefrontal activity than 
normal. The expectation of eating ice cream could alter mental state in a variety of ways that 
would differentially affect prefrontal asymmetry compared to the participants in Silva’s study. 
Another possible explanation for the different findings reported here and by Silva is the use of 
different EEG data collection techniques. Silva used a 128-electrode cap and averaged data 
collected from a montage of 6 electrodes surrounding both the F3 and F4 sites, while single-
electrode measurements at F3 and F4 were used in this study. It is possible that the asymmetric 
activity detected by Silva was generated in broader areas of the prefrontal cortex, such as 
dorsomedial or ventrolateral prefrontal cortical areas, which had less impact on the recordings 
made in this study.  
 
Changing Asymmetry 
The second aim of the study was to see if there was a change in asymmetry associated 
with a preload and moderated by restraint status. Post-experimental questioning and subsequent 
debriefing indicated that participants did not detect the real purpose of conducting the ice cream 
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taste test. Participants all reported having been deceived by the experimenter’s claims that neural 
activity in response to taste was the variable of interest. 
A primary hypothesis stated that the restrained eaters would experience a shift in 
asymmetry from right (withdrawal motivation) to left (approach motivation) in response to a 
preload, and that such a shift would reflect the process of disinhibition that drives counter-
regulation. Unrestrained eaters, who were expected to be in a resting state of left asymmetry 
(approach), were hypothesized to shift to the right (withdraw from appetitive stimulus) in 
response to the preload. However, there was no significant change in asymmetry in either group 
that depended on preload. A real relationship may have gone undetected because the effect of a 
preload on prefrontal asymmetry in a laboratory environment lacks ecological validity. The 
ecological validity may be threatened because, unlike in a normal eating environment where the 
preload is perceived to be a forbidden or threatening stimulus, due to experimental demand 
characteristics the participant may perceive the preload as an unavoidable part of participation.  
Of course it is also possible that the experiment failed to demonstrate a disinhibiting shift 
because there is no relationship between disinhibition and asymmetry. Another factor that could 
explain both the lack of counter-regulation and the lack of change in prefrontal asymmetry in 
response to a preload, is the 8-minute delay between preload and ice cream taste test that was 
necessary to record the post-intervention EEG measurement. There is not typically a delay in 
counter-regulation experiments and the disinhibiting influence of the preload may have worn off 
by the time the extra 8-minute interval had passed.  
Although there was no interaction between preload and group on asymmetry change, 
there was a significant effect of group on change in asymmetry when comparing the baseline to 
the post-intervention measurement. Regardless of preload status, restrained eaters’ asymmetry 
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shifted from .009 to .001, a slight rightward shift from left asymmetry. Regardless of preload 
status, unrestrained eaters shifted from .001 to .005, a relatively small shift towards more left 
asymmetry. Conceptualizing prefrontal asymmetry as a correlate of approach/withdrawal 
behavioral motivation (Harmon-Jones, 2004), one could speculate that as time passed and 
restrained eaters knew that the ice cream taste test was getting closer, they were increasingly 
motivated to withdraw, in spite of the fact that the food stimulus was not yet present. 
Concurrently, the electrophysiological changes in the unrestrained eaters may indicate that they 
had an increasing motivation to approach the food stimuli with which they were anticipating an 
encounter, either for hedonistic or homeostatic reasons. An affective interpretation prompts 
speculation that knowledge of the coming taste test, in which they would be required to eat ice 
cream, led to a greater degree of anxiety in restrained eaters than unrestrained eaters, possibly 
because restrained eaters know from past experiences that forbidden foods can disinhibit their 
eating behavior. 
 
Using Prefrontal Asymmetry to Predict Consumption 
Did prefrontal asymmetry predict amount of ice cream consumed and to what degree did 
the preload affect that relationship? This study, despite selection of groups via a tertile split to 
exaggerate group differences, failed to detect a counter-regulation effect. With 39 participants, 
the study was underpowered to detect the interaction between intervention (preload vs. no 
preload) and restraint status (restrained vs. unrestrained) on ice cream consumed. Preloaded 
restrained eaters ate 142.3 (87.4) grams of ice cream, non-preloaded restrained eaters ate 132.5 
(36.5) grams of ice cream, preloaded unrestrained eaters ate 80.7 (54.0) grams of ice cream and 
non-preloaded unrestrained eaters ate 140.5 (56.3) grams of ice cream (Figure 6). As would be 
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expected, preloaded unrestrained eaters ate less (regulated their eating), but preloaded restrained 
eaters did not eat significantly more (counter-regulation). 
It should also be born in mind that counter-regulation is based on predictions made via a 
self-report behavioral measure, the restraint scale. Perhaps prefrontal asymmetry would explain a 
significant degree of variance in eating behavior that does not overlap with the impact of 
restraint.  
 
No Preload 
The marginally significant trend towards a strong correlation (r = .794, p=.059) between 
prefrontal asymmetry and ice cream consumed in non-preloaded restrained eaters just prior to the 
ice cream taste test is an intriguing finding (Figure 7). In the same group (restrained eaters that 
did not receive a preload), there was a similarly strong (but non-significant) correlation at 
baseline between asymmetry and ice cream consumed (r=.707, p=.116). The correlation between 
asymmetry and ice cream consumption grew larger just prior to ice cream consumption. 
Although this was a small group (n=6), it is a large correlation that cannot be attributed to 
outliers (Figures 8). Assuming additional participants would yield statistically significant results, 
it might be useful to speculate on what these relationships might mean for eating behavior. 
Theoretically, if more left-sided activity in non-preloaded restrained eaters predicted greater ice 
cream consumption, it would make intuitive sense using the approach-motivation construct, 
which would predict that those experiencing left prefrontal cortex-mediated approach motivation 
would eat more than those experiencing withdrawal motivation.  Such a relationship did not hold 
true for any of the other three groups. From an affective interpretation of prefrontal asymmetry, 
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it could be speculated that unrestrained eaters are more likely to eat when they are feeling good, 
i.e., less anxious or depressed, while negative affect drives them to curtail their eating. 
Curiously, the non-preloaded restrained eaters had another unique characteristic: self-
reported hunger after the waiting period had no significant relationship with how much ice cream 
they consumed. That was surprising because collapsed across groups, hunger after intervention 
as measured by the Verbal Hunger Questionnaire strongly predicted subsequent consumption 
(r=.585, p<.001). Hunger was highly correlated with ice cream consumed in the preloaded 
restraint group (r=.685, p=.042), hunger had a marginally significant correlation with ice cream 
consumed in the non-preloaded unrestrained group (r=.483, p=.095), and hunger was not related 
to ice cream consumed in the preloaded unrestrained group (r=.285, p=.396).  
Unrestrained eaters’ eating behavior when not preloaded may be more dominated by 
hunger (which showed a marginally significant prediction of ice cream consumed, r=.483, 
p=.095) than motivation to approach or withdraw mediated by prefrontal asymmetry, which did 
not relate to ice cream consumption (r=.025, p=.935). Because hunger had no relationship with 
asymmetry directly after hunger was assessed (the 2-minute period immediately after preload/5-
minute wait) in non-preloaded unrestrained eaters (r=-.118, p=.702) or collapsed over all groups 
(r=-.046, p=.780), it is likely that prefrontal-mediated approach motivation and hunger are 
reflecting different constructs and the two predictions are independent. 
For non-preloaded unrestrained eaters, neither baseline asymmetry (r=.387, p=.191) nor 
asymmetry at two minutes prior to the taste test (r=.025, p=.935) predicted amount of ice cream 
consumed.  
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Preload 
There was also no correlation between asymmetry and ice cream consumption at two 
minutes before the taste test for preloaded unrestrained eaters’ (r=-.051, p=.883) nor for 
preloaded restrained eaters (r=.012, p=.975). The fact that there was no relationship between 
asymmetry just prior to the ice cream taste test and consumption for preloaded restrained and 
unrestrained eaters might be due to increased variability in prefrontal asymmetry or ice cream 
consumption as a result of the introduction of the preload.  
However, directly after consumption of the preload, there is a strong marginally 
significant negative correlation between left asymmetry and ice cream consumed (r=-.608, 
p=.082) in preloaded restrained eaters (n=9). In other words, after restrained eaters ate a preload, 
their degree of right asymmetry predicted how much ice cream they later consumed. A scatter 
plot indicates that this relationship may be the result of an outlier (Figure 9). However, if greater 
participation established this to be a significant relationship, it could be the electrophysiological 
correlate of the restrained eater’s initial motivation to withdraw after encountering a forbidden 
food, followed by the cognitive dissonance of the struggle between that urge to restrain versus 
the disinhibited urge to approach and overeat; after the internal conflict, it may be that the very 
vigorousness of the initial withdrawal reaction actually predicts the degree of eventual 
consumption. Using an affective interpretation of prefrontal asymmetry, one could speculate that 
restrained eaters are eating more as a result of experiencing negative affect in response to having 
consumed the preload, while those that were able to avoid strong negative feelings were able to 
maintain their restraint.  
It is also notable that there were two different marginally significant relationships 
between prefrontal asymmetry and ice cream consumption in restrained eaters. There was a 
 Prefrontal asymmetry and eating behaviors  54 
strong (marginally significant) correlation between left asymmetry and consumption when 
restrained eaters are not given a preload (r = .794, p=.059), and the strong (marginally 
significant) correlation between right prefrontal asymmetry immediately after preload and 
eventual ice cream consumption (r=.608, p=.082). Using the approach-withdrawal model of 
interpretation for how prefrontal asymmetry mediates behavior, one could speculate that in 
restrained eaters, prefrontally mediated approach motivation just prior to an opportunity to eat 
predicts consumption. However if restrained eaters are given a preload, the degree to which they 
are immediately motivated to withdraw from aversive stimuli, in this case food, regardless of 
subsequent changes in prefrontal asymmetry, predicts eventual consumption. The later finding 
makes sense within an affective interpretation of prefrontal asymmetry: the degree to which 
restrained eaters experience negative affect as a result of preload predicts eventual consumption 
(emotional eating).        
 
Behavioral Inhibition/Behavioral Activation 
There are self-report measures that assess some of the same questions of motivational 
style that are relevant here to prefrontal asymmetry. One of them, the BIS/BAS was administered 
in this study as part of an attempt to more deeply explore the behavioral correlates of prefrontal 
asymmetry as they relate to eating behavior.  
Much of the work conceptualizing prefrontal asymmetry as a correlate of 
approach/withdrawal motivation has focused on the use of the behavioral inhibition 
sensitivity/behavioral activation sensitivity questionnaire (BIS)/BAS (Gray, 1994), therefore it 
seemed important to investigate the degree to which scores on that measure were related to 
prefrontal asymmetry in this sample. There have been conflicting reports of relationships 
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between right/left prefrontal asymmetry and withdrawal/approach as measured by the BIS/BAS 
scale, with one study finding a relationship (Sutton & Davidson, 1997) and two others finding no 
significant relationship (Coan & Allen, 2003, Harmon-Jones & Allen, 1997). This study found 
no relationship between scores on BIS or BAS or any of the BIS/BAS subscales and prefrontal 
asymmetry or total alpha power either before or after the intervention. 
 
Implications of Exploratory Aspects for Further Research 
Although a primary aim of the study was to replicate the findings of Silva, the behavioral 
goals of this study may have confounded that aim, essentially because participants knew they 
would be consuming ice cream. However, although this study was unable to reproduce those 
findings, its examination of the relationship between prefrontal asymmetry/approach-withdrawal 
motivation and actual consumption of food after a potentially disinhibiting stimulus may be more 
ecologically valid. 
An analysis of resting prefrontal asymmetry in restrained current dieters outside the 
context of the counter-regulatory experimental paradigm would help determine if current dieting 
was responsible for the right-sided prefrontal asymmetry in restrained eaters shown by Silva and 
colleagues (2002). Because current dieters regulate their eating in response to a preload, it would 
also be interesting to see if they have changes in asymmetry that would reflect a greater tendency 
to withdraw (left asymmetry) after a preload vs. no preload prior to an ice cream taste test.  
It would also be very useful to examine the relationship between TFEQ disinhibition and 
prefrontal asymmetry in an experiment isolated from the counter-regulatory paradigm and then 
in a similar design to this one, i.e., both before and after preload.  
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Overall, after a preload, disinhibition was shown to be strongly related to shift in 
prefrontal asymmetry from left to right (to more withdrawal) from baseline to immediately after 
the preload (r=.520, p=.019) (Figure 10). In restrained eaters, disinhibition was shown to be 
correlated with hunger after a preload (r=.833, p=.005) (Figure 11) and right prefrontal 
asymmetry immediately after a preload (r=.729, p=.026) and trended towards a strong (non-
significant) correlation with right prefrontal asymmetry at baseline (.519, p=.152). In 
unrestrained eaters, disinhibition was unrelated to hunger but was still correlated with right 
prefrontal asymmetry immediately after a preload (r=.773, p=.005) and again after the ice cream 
taste test (r=.762, p=.006) but was unrelated at baseline (r=.153, p=.653).   
Across groups the relationship between disinhibition and right asymmetry after preload 
was indicative of a transient state of withdrawal motivation after preload; a relationship that 
seemed to fade over the next several minutes. For restrained eaters, that same shift in prefrontal 
asymmetry after preload (i.e., to the right, in the direction of withdrawal motivation, followed by 
a relative return toward more leftward asymmetry) showed a strong but marginally significant 
relation to ice cream consumed (r=.731, p=.099). As speculated above, this could be the 
beginning of the process by which initial withdrawal after a forbidden preload is followed by 
disinhibition and eventual consumption. From an affective interpretation of asymmetry, it could 
be that the preload causes a transient experience of negative affect that subsequently disinhibits 
eating (emotional eating). 
Due to the design of this study, one must be cautious in interpreting possible findings 
related to disinhibition scores. These analyses may indicate possible relationships; however, 
because disinhibition is correlated with restraint, and because there was a tertile split in selecting 
groups in this investigation, disinhibition is not normally distributed and therefore cannot be 
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reliably analyzed across groups (bimodal distribution) or within groups (kertosis) via statistics 
that depend on normal distribution. Several studies have suggested that disinhibition is the most 
important factor in predicting counter-regulation and suggested that the reason the Restraint 
Scale has been able to be used as a tool to demonstrate counter-regulation is because of its high 
correlation with TFEQ (or DEBQ) disinhibition (Westenhoefer, 1994; Van Strien, Cleven and 
Schippers, 2000). 
Future research should employ a design using two independent studies: An initial stand-
alone study of baseline asymmetry in a population that includes a continuum of eating behaviors, 
rather than groups that have been separated by a tertile split; it would also include current dieters. 
The initial study could be followed by the opportunity to consent to an additional study with a 
similar paradigm as to the one above. That way, the anticipatory confound would be removed, as 
would the inability to properly examine other characteristics, such as TFEQ disinhibition and 
rigid control, a type of restraint, which may more completely predict counter-regulation 
(Westenhoefer, 1994; Van Strien, Cleven and Schippers, 2000) and have a more clear 
relationship with prefrontal asymmetry.  
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TABLES 
 
1. Restrained vs. Unrestrained Eaters  
Group Statistics 
 Restraint Status (0=Unrestrained, 
1=restrained) N Mean Std. Deviation Std. Error Mean 
0 24 6.42 2.858 .583 Restraint Score 
1 15 17.87 2.134 .551 
0 24 18.83 1.341 .274 Edinburg Handedness Score 
1 14 19.00 1.038 .277 
0 24 12.01042 2.191236 .447284 Time of Participation (hours 
past midnight) 1 15 11.56667 2.328907 .601321 
0 15 20.98 2.003 .517 Age (years) 
1 5 20.21 1.270 .568 
0 24 393.05 17.214 3.514 Ice cream Available (grams) 
1 15 393.79 28.488 7.356 
0 24 20.6976 2.42682 .49537 Body Mass Index 
1 15 23.1669 2.32891 .60132 
0 24 7.12 4.036 .824 Rigid Control 16 Score 
1 15 14.33 4.716 1.218 
0 24 9.33 5.427 1.108 TFEQ Restraint Score 
1 15 20.27 6.204 1.602 
0 24 8.04 1.989 .406 TFEQ Disinhibition Score 
1 15 13.27 2.404 .621 
0 24 19.50 3.203 .654 VHQ TOTAL 
1 15 18.07 3.674 .949 
Weight Suppression 0 24 4.73 6.87 1.40 
 1 15 7.98 15.97 4.12 
 
 
 
 
 
2. Correlations Between Ice Cream Consumed and Asymmetry after Preload in Restrained 
Eaters: 
Post intervention period Correlation Significance 
Minutes 1-2 after intervention .731 .099 
Minutes 2-4 post intervention .621 .188 
Minutes 4-6 post intervention .781 .067 
Minutes 6-8; two minutes prior to the taste test .794 .059 
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FIGURES 
 
Figure 1 Log of alpha power at F3 and F4 for restrained and unrestrained eaters with and 
without a preload.  
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Figure 2 Prefrontal asymmetry for unrestrained and restrained eaters at baseline. 
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Figure 3 Prefrontal asymmetry for unrestrained and restrained eaters at baseline (blue) 
and after the intervention (black). 
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Figure 4 Interaction of time and restraint status on prefrontal asymmetry 
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Figure 5 Prefrontal asymmetry for unrestrained and restrained eaters at baseline and after 
the intervention (preload vs. no preload).  
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Figure 6 Ice cream consumed by unrestrained and restrained eaters with or without a 
preload 
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Figure 7 In restrained eaters, the relationship between ice cream consumed and prefrontal 
asymmetry 2 minutes after a 5-minute waiting period (no preload) 
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Figure 8 The relationship between ice cream consumed and prefrontal asymmetry 2 
minutes prior to the ice cream taste test in restrained eaters without a preload 
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Figure 9 The relationship between prefrontal asymmetry 2 minutes after a preload 
and ice cream consumed by restrained eaters 
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Figure 10 The relationship between scores on the TFEQ Disinhibition subscale 
and change in prefrontal asymmetry immediately after a preload. 
 
 
 
 
 Prefrontal asymmetry and eating behaviors  69 
Figure 11 The relationship between scores on the TFEQ Disinhibition subscale 
and change in prefrontal asymmetry immediately after a preload in restrained eaters. 
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APPENDIX A 
 
REVISED RESTRAINT SCALE 
 
1. How often are you dieting?         
 Never rarely sometimes often always    (Scored (0-4) 
 
2. What is the maximum amount of weight (in pounds) that you have ever lost within one month?    
0-4 5-9 10-14 15-19 20+    (Scored 0-4) 
 
3. What is your maximum weight gain within a week?       
 0-1 1.1-2 2.1-3 3.1-5 5+    (Scored 0-4) 
 
4. In a typical week, how much does your weight fluctuate?      
 0-1 1.1-2 2.1-3 3.1-5 5+    (Scored 0-4) 
 
5. Would a weight fluctuation of 5 lb affect the way you live your life?     
Not at all slightly moderately very much  (Scored 0-3) 
 
6. Do you eat sensibly in front of others and splurge alone?      
Never rarely often always      (Scored 0-3) 
 
7. Do you give too much time and thought to food?        
Never rarely often always      (Scored 0-3) 
 
8. Do you have feelings of guilt after overeating?        
Never rarely often always      (Scored 0-3) 
 
9. How conscious are you of what you are eating?        
Not at all slightly  moderately extremely  (Scored 0-3) 
 
10. How many pounds over your desired weight were you at your maximum weight?  
 0-1 1-5 6-10 11-20 21+    (Scored 0-4) 
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APPENDIX B 
 
Dieting and Weight History Questionnaire 
 
Each question below is followed by a number of answer options. After reading each question 
carefully, choose the one option which most applies to you. Read each one carefully and choose 
the one that best describes you in general. 
 
1. In general, how often are you dieting? 
◊ Never 
◊ Rarely 
◊ Sometimes 
◊ Often 
◊ Always 
 
2. Would a weight fluctuation of 5 pounds affect the way you live your life? 
◊ Not at all 
◊ Slightly 
◊ Moderately 
◊ Very Much 
 
3. Do you eat sensibly in front of others and splurge alone? 
◊ Never 
◊ Rarely 
◊ Sometimes 
◊ Often 
◊ Always 
 
4. Do you give too much time and thought to food? 
◊ Never 
◊ Rarely 
◊ Sometimes 
◊ Often 
◊ Always 
 
5. Do you have feelings of guilt after overeating? 
◊ Never 
◊ Rarely 
◊ Sometimes 
◊ Often 
◊ Always 
 
 
 
6. How conscious are you of what you are eating? 
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◊ Not at all 
◊ Slightly 
◊ Moderately 
◊ Very Much 
 
7. What is the maximum amount of weight (in pounds) you have ever lost in one month? 
◊ 0-4 
◊ 5-9 
◊ 10-14 
◊ 15-19 
◊ 20+ 
 
8. What is your maximum weight gain within a week? 
◊ 0-1 
◊ 1.1-2 
◊ 2.1-3 
◊ 3.1-5 
◊ 5+ 
 
9. In a typical week, how much does your weight fluctuate? 
◊ 0-1 
◊ 1.1-2 
◊ 2.1-3 
◊ 3.1-5 
◊ 5+ 
 
10. How many pounds over your ideal weight were you at your maximum weight? 
◊ 0-1 
◊ 1-5 
◊ 6-10 
◊ 11-20 
◊ 21+ 
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APPENDIX C 
 
Edinburgh Handedness Inventory 
 
 
1. Which hand do you use for writing? 
◊ Left 
◊ Both 
◊ Right 
 
2. Which hand do you use for drawing? 
◊ Left 
◊ Both 
◊ Right 
 
3. Which hand do you use for throwing? 
◊ Left 
◊ Both 
◊ Right 
 
4. Which hand do you use for scissors? 
◊ Left 
◊ Both 
◊ Right 
 
5. Which hand do you use to hold the toothbrush when you brush your teeth? 
◊ Left 
◊ Both 
◊ Right 
 
6. Which hand do you use to hold a knife (without fork)? 
◊ Left 
◊ Both 
◊ Right 
 
7. Which hand do you hold a spoon with when you are using it? 
◊ Left 
◊ Both 
◊ Right 
 
8. Which hand do you use with a broom (upper hand)? 
◊ Left 
◊ Both 
◊ Right 
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9. Which hand do you use to hold a match when you strike it? 
◊ Left 
◊ Both 
◊ Right 
 
10. Which hand do you use to grab the lid to open a box? 
◊ Left 
◊ Both 
◊ Right 
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APPENDIX D 
 
Copyright, 1991, D. B. Watson & L. A. Clark. Reproduced with permission of D. B. Watson 
ID# ______________________      Date ____/____/______ 
MASQ 
 
Below is a list of feelings, sensations, problems, and experiences that people sometimes have. Read each item 
and then mark the appropriate choice in the space next to that item. Use the choice that best describes how 
much you have felt or experienced things this way during the past week, including today. Use this scale when 
answering: 
1   2   3   4   5 
not at all  a little bit  moderately  quite a bit  extremely 
 
1. _________ Felt sad 
2. _________ Startled easily 
3. _________ Felt cheerful 
4. _________ Felt afraid 
5. _________ Felt discouraged 
6. _________ Hands were shaky 
7. _________ Felt optimistic 
8. _________ Had diarrhea 
9. _________ Felt worthless 
10. _________ Felt really happy 
11. _________ Felt nervous 
12. _________ Felt depressed 
13. _________ Was short of breath 
14. _________ Felt uneasy 
15. _________ Was proud of myself 
16. _________ Had a lump in my throat 
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1   2   3   4   5 
not at all  a little bit  moderately  quite a bit  extremely 
 
17. _________ Felt faint 
18. _________ Felt unattractive 
19. _________ Had hot or cold spells 
20. _________ Had an upset stomach 
21. _________ Felt like a failure 
22. _________ Felt like I was having a lot of fun 
23. _________ Blamed myself for a lot of things 
24. _________ Hands were cold or sweaty 
25. _________ Felt withdrawn from other people 
26. _________ Felt keyed up, “on edge” 
27. _________ Felt like I had a lot of energy 
28 _________ Was trembling or shaking 
29 _________ Felt inferior to others 
30 _________ Had trouble swallowing 
31 _________ Felt like crying 
32 _________ Was unable to relax 
33 _________ Felt really slowed down 
34 _________ Was disappointed in myself 
35 _________ Felt nauseous 
36 _________ Felt hopeless 
37 _________ Felt dizzy or lightheaded 
38 _________ Felt sluggish or tired 
39 _________ Felt really “up” or lively 
40 _________ Had pain in my chest 
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1   2   3   4   5 
not at all  a little bit  moderately  quite a bit  extremely 
 
41 _________ Felt really bored 
42 _________ Felt like I was choking 
43 _________ Looked forward to things with enjoyment 
44 _________ Muscles twitched or trembled 
45 _________ Felt pessimistic about the future 
46 _________ Had a very dry mouth 
47 _________ Felt like I had a lot of interesting things to do 
48 _________ Felt like I had accomplished a lot 
49 _________ Felt like it took extra effort to get started 
50 _________ Felt like nothing was very enjoyable 
51 _________ Heart was racing or pounding 
52 _________ Felt like I had a lot to look forward to 
53 _________ Felt numbness or tingling in my body 
54 _________ Felt tense or “high-strung” 
55 _________ Felt hopeful about the future 
56 _________ Felt like there wasn’t anything interesting or fun to do 
57 _________ Seemed to move quickly and easily 
58 _________ Muscles were tense or sore 
59 _________ Felt really good about myself 
60 _________ Had to urinate frequently 
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APPENDIX E 
 
 
VERBAL HUNGER QUESTIONNAIRE 
 
 
 
Name _________________________________________ 
 
 
Date ______________________ 
 
 
Time ______________________ 
 
 
 
Please circle the correct response. 
 
 
1. How hungry do you feel right now? 
 
1 2 3 4 5 6 7 8 9  
not at all        as hungry as I’ve 
hungry        ever felt 
 
 
2. How strong is your desire to eat right now? 
 
 1 2 3 4 5 6 7 8 9 
very weak       very strong 
 
 
3. How much food do you think you could ear right now? 
 
1 2 3 4 5 6 7 8 9 
nothing at all       a large amount 
 
 
4. How full does your stomach feel right now? 
 
 1 2 3 4 5 6 7 8 9 
not at all       very full 
full 
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APPENDIX F 
Ice Cream Taste Evaluation Form 
 
Vanilla 
Please rate the overall taste of the ice cream 
1. Extremely unpleasant 
2. Unpleasant     
3. Acceptable     
4. Pleasant      
5. Extremely Pleasant 
 
Please rate how sweet the ice cream tastes 
1. Not sweet 
2. Somewhat sweet 
3. Sweet 
4. Extremely sweet 
5. Too sweet to enjoy 
 
Please rate how bitter the ice cream tastes 
1. Not bitter 
2. Somewhat bitter 
3. Bitter 
4. Extremely bitter 
5. Too bitter to enjoy 
 
Please rate how sour the ice cream tastes 
1. Not sour 
2. Somewhat sour 
3. Sour 
4. Extremely sour 
5. Too sour to enjoy 
 
Please rate how smooth the ice cream is 
1. Not smooth 
2. Somewhat smooth 
3. Smooth 
4. Extremely Smooth 
5. Too smooth to enjoy 
 
Chocolate 
Please rate the overall taste of the ice cream 
1. Extremely unpleasant 
2. Unpleasant     
3. Acceptable     
4. Pleasant      
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5. Extremely Pleasant 
 
Please rate how sweet the ice cream tastes 
1. Not sweet 
2. Somewhat sweet 
3. Sweet 
4. Extremely sweet 
5. Too sweet to enjoy 
 
Please rate how bitter the ice cream tastes 
1. Not bitter 
2. Somewhat bitter 
3. Bitter 
4. Extremely bitter 
5. Too bitter to enjoy 
 
Please rate how sour the ice cream tastes 
1. Not sour 
2. Somewhat sour 
3. Sour 
4. Extremely sour 
5. Too sour to enjoy 
 
Please rate how smooth the ice cream is 
1. Not smooth 
2. Somewhat smooth 
3. Smooth 
4. Extremely Smooth 
5. Too smooth to enjoy 
 
Strawberry 
Please rate the overall taste of the ice cream 
1. Extremely unpleasant 
2. Unpleasant     
3. Acceptable     
4. Pleasant      
5. Extremely Pleasant 
 
Please rate how sweet the ice cream tastes 
1. Not sweet 
2. Somewhat sweet 
3. Sweet 
4. Extremely sweet 
5. Too sweet to enjoy 
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Please rate how bitter the ice cream tastes 
1. Not bitter 
2. Somewhat bitter 
3. Bitter 
4. Extremely bitter 
5. Too bitter to enjoy 
 
Please rate how sour the ice cream tastes 
1. Not sour 
2. Somewhat sour 
3. Sour 
4. Extremely sour 
5. Too sour to enjoy 
 
Please rate how smooth the ice cream is 
1. Not smooth 
2. Somewhat smooth 
3. Smooth 
4. Extremely Smooth 
5. Too smooth to enjoy 
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APPENDIX G 
 
Rigid Control (RC16) (Westenhoefer, Stunkard, & Pudel, 1999) 
 
1. I have a pretty good idea of the number of calories in common food.   
 (true – false) 
 
2. I count calories as a conscious means of controlling my weight.    
 (true – false) 
 
3. How often are you dieting in a conscious effort to control your weight?   
 (rarely – sometimes – usually – always) 
 
4. Would a weight fluctuation of 5 lbs affect the way you live your life?   
 (not at all – slightly – moderately – very much) 
 
5. Do feelings of guilt about overeating help you to control your food intake?  
 (never – rarely – often – always) 
 
6. How frequently do you avoid “stocking up” on tempting foods?    
 (almost never – seldom – usually – almost always) 
 
7. How likely are you to shop for low calorie foods?     
 (unlikely – slightly unlikely – moderately likely – very likely) 
 
8. I eat diet foods, even if they do not taste very good.      
 (true – false) 
 
9. A diet would be too boring a way for me to lose weight.     
 (true – false) 
 
10. I would rather skip a meal than stop eating in the middle of one.    
 (true – false) 
 
11. I alternate between times when I diet strictly and times when I don’t pay much attention 
to what and how much I eat.         
(true – false) 
 
12. Sometimes I skip meals to avoid gaining weight.      
 (true – false) 
 
13. I avoid some foods on principle even though I like them.     
 (true – false) 
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14. I try to stick to a plan when I lose weight.       
 (true – false) 
 
15. Without a diet plan I wouldn’t know how to control my weight.    
 (true – false) 
 
16. Quick success is most important for me during a diet.     
 (true – false) 
 
 Prefrontal asymmetry and eating behaviors  89 
APPENDIX H 
 
PFS 
 
Please indicate the extent to which you agree that the following items describe you. Select from 
among the following choices: 
 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
1. I find myself thinking about food even when I'm not physically hungry. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
2. When I'm in a situation where delicious foods are present but I have to wait to eat them, it is 
very difficult for me to wait. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
3. I get more pleasure from eating that I do from almost anything else. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
4. I feel that food is to me like liquor is to an alcoholic. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
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5. If I see or smell a food I like, I get a powerful urge to have some. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
6. When I'm around a fattening food I love, it's hard to stop myself from at least tasting it. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
7. I often think about what foods I might eat later in the day. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
8. It's scary to think of the power that food has over me. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
9. When I taste a favorite food, I feel intense pleasure. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
10. When I know a delicious food is available, I can't help myself from thinking about having 
some. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
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11. I love the taste of certain foods so much that I can't avoid eating them even if they're bad for 
me. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
12. When I see delicious foods in advertisements or commercials, it makes me want to eat. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
13. I feel like food controls me rather than the other way around. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
14. Just before I taste a favorite food, I feel intense anticipation. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
15. When I eat delicious food I focus a lot on how good it tastes. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
16. Sometimes, when I'm doing everyday activities, I get an urge to eat "out of the blue" (for no 
apparent reason). 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
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17. I think I enjoy eating a lot more than most other people. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
18. Hearing someone describe a great meal makes me really want to have something to eat. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
19. It seems like I have food on my mind a lot. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
20. It's very important to me that the foods I eat are as delicious as possible. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
 
21. Before I eat a favorite food my mouth tends to flood with saliva. 
1 don't agree at all 
2 agree a little 
3 agree somewhat 
4 agree 
5 strongly agree 
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APPENDIX I 
BIS/BAS Scale 
Name: _______________________________ 
Each item of this questionnaire is a statement that a person may either agree with or disagree with.  For each 
item, indicate how much you agree or disagree with what the item says.  Please respond to all the items; do not 
leave any blank.  Choose only one response to each statement.  Please be as accurate and honest as you can be.  
Respond to each item as if it were the only item.  That is, don't worry about being "consistent" in your 
responses.  Choose from the following four response options:  
  1 = very true for me  
  2 = somewhat true for me  
  3 = somewhat false for me  
  4 = very false for me  
_____ 1.  A person's family is the most important thing in life.  
_____ 2.  Even if something bad is about to happen to me, I rarely experience fear or nervousness.  
_____ 3.  I go out of my way to get things I want.  
_____ 4.  When I'm doing well at something I love to keep at it.  
_____ 5.  I'm always willing to try something new if I think it will be fun.  
_____ 6.  How I dress is important to me.  
_____ 7.  When I get something I want, I feel excited and energized.  
_____ 8.  Criticism or scolding hurts me quite a bit.  
_____ 9.  When I want something I usually go all-out to get it.  
_____ 10.  I will often do things for no other reason than that they might be fun.  
_____ 11.  It's hard for me to find the time to do things such as get a haircut.  
_____ 12.  If I see a chance to get something I want I move on it right away.  
_____ 13.  I feel pretty worried or upset when I think or know somebody is angry at me.  
_____ 14.  When I see an opportunity for something I like I get excited right away.  
_____ 15.  I often act on the spur of the moment.  
_____ 16.  If I think something unpleasant is going to happen I usually get pretty "worked up."  
_____ 17.  I often wonder why people act the way they do.  
_____ 18.  When good things happen to me, it affects me strongly.  
_____ 19.  I feel worried when I think I have done poorly at something important.  
_____ 20.  I crave excitement and new sensations.  
_____ 21.  When I go after something I use a "no holds barred" approach.  
_____ 22.  I have very few fears compared to my friends.  
_____ 23.  It would excite me to win a contest. 
_____ 24.  I worry about making mistakes.  
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APPENDIX J 
 
TFEQ (COGNITIVE RESTRAINT & DISINHIBITION) 
 
Read each of the following statements carefully. If you agree with the statement, or feel 
that it is true as applied to you, select "True". If you disagree with the statement, or feel that it is 
false as applied to you, select "False". Be certain to answer each question. 
 
1. When I smell a sizzling steak or see a juicy piece of meat, I find it very difficult to keep from 
eating, even if I have just finished a meal. 
◊ False 
◊ True 
 
2. I usually eat too much at social occasions, like parties and picnics. 
◊ False 
◊ True 
 
3. When I have eaten my quote of calories, I am usually good about not eating any more. 
◊ False 
◊ True 
 
4. I deliberately take small helpings as a means of controlling my weight. 
◊ False 
◊ True 
 
5. Sometimes things just taste so good that I keep on eating even when I am no longer hungry. 
◊ False 
◊ True 
 
6. When I feel anxious, I find myself eating. 
◊ False 
◊ True 
 
7. Life is too short to worry about dieting. 
◊ False 
◊ True 
 
8. Since my weight goes up and down, I have gone on reducing diets more than once. 
◊ False 
◊ True 
 
9. When I am with someone who is overeating, I usually overeat too. 
◊ False 
◊ True 
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10. I have a pretty good idea of the number of calories in common foods. 
◊ False 
◊ True 
 
11. Sometimes when I start eating, I just can't seem to stop. 
◊ False 
◊ True 
 
12. It is not difficult for me to leave something on my plate. 
◊ False 
◊ True 
 
13. While on a diet, if I eat a food that is not allowed, I consciously eat less for a period of time 
to make up for it. 
◊ False 
◊ True 
 
14. When I feel blue, I often overeat. 
◊ False 
◊ True 
 
15. I enjoy eating too much to spoil it by counting calories or watching my weight. 
◊ False 
◊ True 
 
16. I often stop eating when I am not really full as a conscious means of limiting the amount that 
I eat. 
◊ False 
◊ True 
 
17. My weight has hardly changed at all in the last ten years. 
◊ False 
◊ True 
 
18. When I feel lonely, I console myself by eating. 
◊ False 
◊ True 
 
19. I consciously hold back at meals in order not to gain weight. 
◊ False 
◊ True 
 
 
 
20. I eat anything I want, any time I want. 
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◊ False 
◊ True 
 
21. Without even thinking about it, I take a long time to eat. 
◊ False 
◊ True 
 
22. I count calories as a conscious means of controlling my weight. 
◊ False 
◊ True 
 
23. I do not eat some foods because they make me fat. 
◊ False 
◊ True 
 
24. I pay a great deal of attention to changes in my figure. 
◊ False 
◊ True 
 
25. While on a diet, if I eat a food that is not allowed, I often then splurge and eat other high 
calorie foods. 
◊ False 
◊ True 
 
Part II 
 
Each question in this section is followed by a number of answer options. After reading each 
question carefully, please circle the letter that corresponds to the option which most applies to 
you. Be certain to answer all questions. 
 
26. How often are you dieting in a conscious effort to control your weight? 
◊ rarely 
◊ sometimes 
◊ usually 
◊ always 
 
27. Would a weight fluctuation of 5 lbs. affect the way you live your life? 
◊ not at all 
◊ slightly 
◊ moderately 
◊ very much 
 
 
 
28. Do your feelings of guilt about overeating help you to control your food intake? 
◊ never 
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◊ rarely 
◊ often 
◊ always 
 
29. How conscious are you of what you are eating? 
◊ not at all 
◊ slightly 
◊ moderately 
◊ extremely 
 
30. How frequently do you AVOID "stocking up" on tempting foods? 
◊ almost 
◊ never 
◊ seldom 
◊ usually 
◊ almost always 
 
31. How likely are you to shop for low calorie foods? 
◊ unlikely 
◊ slightly likely 
◊ moderately likely 
◊ very likely 
 
32. Do you eat sensibly in front of others and splurge alone? 
◊ never 
◊ rarely 
◊ often 
◊ always 
 
33. How likely are you to consciously eat slowly in order to cut down on how much you eat? 
◊ unlikely 
◊ slightly 
◊ likely 
◊ moderately 
◊ likely 
◊ very likely 
 
34. How likely are you to consciously eat less than you want? 
◊ unlikely 
◊ slightly likely 
◊ moderately likely 
◊ very likely 
 
35. Do you go on eating binges even though you are not hungry? 
◊ never 
◊ rarely 
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◊ sometimes 
◊ at least once a week 
 
36. On a scale of 0 to 5, where 0 means no restraint in eating (eat whatever you want, whenever 
you want it) and 5 means total restraint (constantly limiting food intake and never "giving in"), 
what number would you give yourself? 
◊ eat whatever you want, whenever you want it 
◊ usually eat whatever you want, whenever you want it 
◊ often eat whatever you want, whenever you want it 
◊ often limit food intake, but often "give in" 
◊ usually limit food intake, rarely "give in" 
◊ constantly limiting food intake, never "giving in" 
 
37. "I start dieting in the morning, but because of any number of things that happen during the 
day, by evening I have given up and eat what I want, promising myself to start dieting again 
tomorrow." 
◊ not like me 
◊ little like me 
◊ pretty good description of me 
◊ describes me perfectly 
 
 
